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THE POLIOMYELITIS EPIDEMIC IN MALTA 1942-3 1 

By H J SEDDON, THOMAS AGIUS, H G G BERNSTEIN, 
and R E TUNBRIDGE 

Introduction 

On June 10, 1940, Italy declared war on Great Britain At five minutes 
to seven on the following morning Malta suffered its first air raid, and from 
that time until late in 1942 the island was bombarded with a remorseless 
regularity unsurpassed m the history of warfare The Grand Harbour is 
surrounded by the most densely populated part of the island, and as would 
be expected this is where the destruction was greatest In the words of 
Professor A V Bernard, Chief Government Medical Offioer (Annual Report, 
1940), ‘In the danger areas large numbers of people established themselves 
m tunnels, basements, crypts of churohes, caves, etc , and shelters that had 
been prepared for temporary occupation during air raids became residential 
quarters In the reception areas refugee families had to be accommodated m 
schools, old churches, corridors of convents and similar places In some of 
these places even the most essential sanitary requirements were lacking and 
in others the conveniences that existed were quite inadequate for the number 
of people that had come to live there Overcrowding continually increased 
as more dwelling houses were demolished or damaged ’ Later, although 
overcrowding persisted, the provision of deep shelters, hewn out of the rook 
of which the island is composed, relieved the pressure considerably, so that 
some of the schools, for example, were no longer occupied by refugees The 
Maltese islands are among the most densely populated parts of Europe 
The area of Malta is 96 square miles, Gozo 27, total 122 square miles The 
estimated population of the two islands m 1941 was 271,369 The number 
of persons per square mile was 2,661 in Malta and 1,087 in Gozo In addition, 
increasing numbers of sailors, soldiers, and airmen were landed on these 
islands, which together are rather smaller than the Me of Wight 

The aenal bombardment took on a new fury when H M S ITlustnouc 
limped into the Grand Harbour m January 1941 , the Three Cities, lying to 
the east of the Grand Harbour, were almost completely destroyed From 
then until July 1942 ‘attacks on all parts of the Mand continued day after 
day, right through the night, while on some days alerts persisted without 
respite very nearly twice round the face of the clock Other towns and 
villages were almost completely destroyed and many dwellings m all parts 
of the island were shattered’ (Bernard, 1941) Rommel’s advance towards 

1 Recen ed August 28, 1944 
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Egypt m Juno 1942 was almost the undoing of the already precarious supply 
line on which Malta was dependent The result was that m the summer and 
autumn of 1942 the supply of food, which had been steadily diminishing, 
became dangerously low A most drastic system of rationing had to he intro- 
duced, and the population of the mam island no longer had enough to eat , 
it was not until the turn of the tide in November that the arrival of supplies 
relieved a situation that had become desperate It was at this time, m the 
middle of November, that the poliomyelitis epidemic started 

The present paper is concerned only with the mam epidemiologioal features 
of the outbreak The details of diagnosis and treatment will be described 
elsewhere It is regrettable that the epidemiological data are incomplete, 
but the stress of circumstances and the urgent need for dealmg with patients 
prevented us from making the searching inquiries that are called for m any 
serious attempt to trace the origins and mode of spread of poliomyelitis 
One of us (H J S ) was not even m Malta until the epidemic was almost over 


The Epidemic 

There was a small outbreak of poliomyelitis m Malta in 1902, but the 
recent epidemic was the first of any magnitude Only 61 cases were recorded 
during the period 1921 to 1941 (Table I) The largest number of cases in 
any one year was nine in 1921 Pnor to November no case had been notified 
for the year 1942 We do not consider that the recorded incidence during 
the period represents the total incidence, because one of us whilst actmg as 
Chairman of the local Reoruitmg Board saw about 20 men m the 18 to 23 
years age group who were suffering from the effects of anterior poliomyelitis 
Furthermore, late oases have been seen not infrequently m the surgical 
departments of the civilian hospitals, the diagnosis then being made for the 
first time This is the usual state of affairs m countries like Malta and 
England where the disease is predominantly sporadic 


Table I 


Notified Cases of Acute Anterior Poliomyelitis Malla, 1921 to 1941 


Tear Cases Deaths 

1921 9 — 

1922 — — 

1923 3 — 

1924 — — 

1925 6 — 

1926 1 — 

1927 5 1 

1928 3 — 

1929 4 — 

1930 — — 

1931 4 — 


Year Cases Deaths 

1932 3 1 

1933 3 I 

1934 2 — 

1935 1 __ 

1936 3 _ 

1937 6 _ 

1938 6 — 

1939 2 _ 

1940 — _ 

1941 1 _ 


The first known cases occurred on 15 11 42 in Malta, on 21 11 42 m Gozo, 
and on 27 11 42 m the services The epidemic reached its peak (Table II, 
p,g 1) in the week beginning December 20 when there were 108 cases, and 
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by March 1, 1943, the epidemic was over, though a few sporadic cases 
appeared later In this epidemic the disease merited its old name of infantile 
paralysis, since 82 per cent of the cases occurred in children under five years 
of age (Table HI, Eig 3) There were three cases among the children of men 
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Fig 1 Weekly incidence of cases, baaed on dateB of 

Table II 

Incidence of Gases 

onset 

Week beginning 

Malta (civilians) 

Oozo (civilians) 

Malta (services) 

1942 November 15 

6 

3 



22 

3 

1 

1 

29 

13 

9 

1 

December 0 

40 

5 

2 

13 

44 

7 

3 

20 

90 

9 

9 

27 

71 

2 

17 

1943 January 3 

39 


12 

10 

29 

1 

6 

17 

11 



— 

24 

7 





31 

5 



February 7 

4 



1 

14 

2 




21 

2 


1 

28 

1 


1 

March 7 

2 


2 

Date of onset unknown 

15 

1 

i 

Late cases (April 2 to Juno 2) — 

4 

i 
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m the armed forces, which are included among the oivihans, smce with one 
possible exception these children were bom m Malta There were 483 oases 
in all 426 civilians and 57 m the services It is to be noted that among the 
61 adults, those over 20 years of age, there were only four Maltese Among 
the four adult civilians affeoted, one case was remarkable m that the 
victim was a patient of 59 years , he died from respiratory paralysis There 
were 312 male (255 civilians, 57 men in the services) and 171 female 
patients 

Table III 
Age Incidence 


Civilians 


X- 

Ago groups Both islands 

' \ 

Gozo 

Services 

0 to 3 months 

8 

1 



4 to 6 months 

21 

1 



7 to 9 months 

21 

3 

— 

10 to 12 months 

19 

I 

— 

Total under 12 months 

69 

6 


0 to 1 year 

69 

6 

— 

1 to 2 years 

114 

13 

— 

2 to 3 years 

109 

8 

— 

3 to 4 years 

72 

7 

— 

4 to 6 years 

33 

5 

— 

Total under 6 years 

397 

39 

— 

0 to 6 years 

397 

39 

— 

5 to 10 years 

23 

1 

— 

10 to 20 years 

2 

— 

— 

20 to 30 years 

1 

— 

47 

30 to 40 years 

1 

— 

8 

40 to 50 years 

1 

— 

2 

over 60 years 

1 

— 

— 

Total 

426 

40 

67 

Table IV 

Duration of Stay in 

One month and under 

One to sue months 

Seven to twelve months 

Thirteen to twenty-four months 
Over two years 

Shortest period of service 

Longest ,, „ 

Average » 

Malta 

4 

7 

4 

31 

11 

2 weeks 
5J years 
over twelve months 


The service incidence was as follows Royal Navy 2, Army 27, Royal Air 
Force 28, and all were from the United Kingdom No case was observed 
among the Maltese troops The latter observation was the more striking 
since in a number of units Maltese and United Kingdom troops worked 
together, and many others employed Maltese cooks and labourers The inci- 
dence was proportionately higher among the Royal Air Force than among 
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the Army personnel, approximately 4 to 1 The duration of service m Malta 
of the affected men is shown in Table IV, the average was over 12 months 
In only four cases was the period one month or less, and as none of the four 
came to the island before December 1942 they cannot be held responsible for 


UNDER 12 MONTHS 



5 6 0 12 MiOHTuS 


introducing the infection 

Non- paralytic cases In any outbreak of 
poliomyelitis there are usually many cases m 
which paralysis never develops Under epi- 
demic conditions the diagnosis is made on the 



evidence of a suggestive history and the finding 
of those symptoms and signs which erpenenoe 
has led us to associate with the infection in the 
prodromal and ingravescent phases Unless 
the clinical suspicion is confirmed by positive 
findings in the cerebrospinal fluid, the dia- 
gnosis is only presumptive though reasonably 
probable In this epidemic it was not possible 



Fig 3 Age incidence The 20 
to 40 years gTonp is accounted 
for almost entirely by service 
cases 


to identify non-paralytic cases among the 
civilians, but in the services a careful watch 
was kept for suspicious cases, and almost all 
men complaining of headache and fever were 
admitted to hospital and their cerebrospinal 
fluid examined In spite of this vigilance only 
two non-paralytic cases were found, but it is 
reasonable to suppose that a number of persons 
suffered from the infection without developing 
paralysis and, as will be shown later, there 
were histones suggestive of infection in a few 
contacts 

Incubation period The civilian case histones 
throw no clear bght on the length of the in- 


cubation penod, but there are a number of instructive service oases 

(a) An orderly at a military hospital did not leave the hospital area 
during the Christmas penod He was put on night duty in the poliomyelitis 
ward on the night of December 26/26, 1942 He developed the disease, and 
the first symptoms were noted on 2 1 43 Interval eight days 

(b) A patient with poliomyelitis was admitted on 17 12 42, four days 
after symptoms appeared He was seen by an officer on December 16 or 17 , 
this officer developed symptoms of the disease on 28 12 42, and was admitted 
with poliomyelitis on the 30th Interval 11 to 12 days 

(c) A sailor, living on board one of H M ships, developed the disease during 
the epidemic penod, having been ashore at intervals during two weeks 

Interval 14 days or less , 

(d) Another man, who had been m Malta for only three weeks, developed 

the disease on 16 1 43 Interval three weeks or less 
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(e) H, who had been m Malta for four months, first showed signs of the 
disease on 11 12 42, and was admitted to hospital two days later D, who 
lived m an adjoining room, developed symptoms on 2 1 43 He had been m 
Malta for only three weeks, he had had, therefore, 1 to 2 days’ opportunity 
of contact with his neighbour Interval 20 days 

(/) L had been in Malta for two months and D shared his room L 
developed symptoms seven days after D was taken ill Interval over seven 
days, but not more than 28. 

(, g ) Two men working together at Gomenno, but not sleeping m the same 
room, were taken ill on 1 1 43 and 8 1 43 respectively Interval seven dayB 
As the contacts of these cases with Maltese service men and civilians are 
unknown, the data cannot be rated very highly, though they are of interest 
Professor Arthur Ellis has pointed out to us that the daily case-incidence 
chart, which was worked out from the dates of onset of the disease, shows 
peaks at intervals of 7 to 10 days (Fig 2), which may perhaps indicate that 
some such period (or a multiple of it) elapsed between infection and the 
development of definite symptoms and signs, the service case histones 
suggest that 7 to 10 days may not be very wide of the mark 

Mortality rate Civilians The rate was low, especially when one takes into 
account the exclusion of non-paralytic cases 

Mortality rate due to pobomyelitis alone 3 6 % 

Mortality rate m cases m which poliomyelitis was an aggravating factor 2 6 % 

Total oT% 

The ohildren who died from other conditions, though’ the paralysis may 
have hastened death, were all under three years, the primary causes of 
death are much the same as those found at any time m this age group m 
Malta (Table V) 

Service cases There were 11 fatalities, mortality rate 19 3 per cent In 
all but two cases death was due to respiratory paralysis, two late deaths 
were due to cerebral anoxia 


Epidemiology 

Epidemics have a heightened interest when they occur in comparatively 
isolated communities, and where the origin and mode of spread of the 
infection are obscure, as m pobomyelitis, study of suoh outbreaks may yield 
information of considerable value There are many reports of epidemics of 
poliomyelitis m villages, colleges, schools, and orphanages, and a certain 
number m even more remote communities such as Samoa (Lambert, 1930), 
the Solomon islands (James, 1938), Madagascar (Fontoynont and Rahan- 
jaona, 1930), Porto Rico (Gamdo Morales, 1930), and Greenland (Hrolv, 
1935) Although the conclusions reached by these observers are remarkable 
chiefly for their diversity, the temporal incidence of the outbreaks shows 
that the regular seasonal appearance characteristic of the disease in countries 
m the temperate zones is by no means universal (Epidemiological Reports, 
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Case 

number 


411 

116 

269 

238 

493 

379 

286 

164 

290 

435 

217 

377 

177 

103 

421 


Age 


Tears Months 


Table V 

Causes of Death 

Survived for 
(days) 

CIVILIANS 


Cause of death 


Fatalities directly attributable to Poliomyelitis 


1 

1 

3 

3 

3 

4 
6 
6 
6 
7 
7 

42 

69 


1 

3 

2 

1 

n 

13 

11 

' 67 

3 

103 

2 

5 

10 

12 

29 

Total - 16 cases 


J Respiratory paralysis 
Convulsions 


Respiratory paralysis 


Fatalities m ■which Poliomyelitis may have boon a contributory factor 


384 

— 

S 

61 

Marasmus 

390 

— 

4 

73 

Marasmus 

218 

— 

6 

48 

Enteritis 

412 

— 

7 

70 

Marasmus 

446 

— 

10 

65 

Enteritis 

367 

L 

2 

66 

Enteritis 

213 

l 

3 

66 

Tb peritonitis 

281 

l 

8 

70 

Lobar pneumonia 

423 

2 

2 

70 

) Acute generalized m- 

327 

2 

6 

78 

/ fection 

291 

2 

6 

16 

T 




Total - 11 cases 
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9 

2 

22 

23 

— 

7 

6 

J Respiratory paralysis 

18 

23 

— 

102 

Cerebral anoxia 

66 

23 

— 

8 

) 

21 

24 

— 

2 

} Respiratory paralysis 

7 

26 

— 

8 

) 

6 

26 

— 

205 

Cerebral anoxia 

8 

29 

— 

4 

) 

41 

47 

29 

31 


4 

8 

j Respiratory paralysis 

37 

43 

— 

4 

J 


Total *11 cases 


Health Section, League of Nations, 1936) In Samoa (Lambert, 1936), just 
south of the equator, an epidemic occurred during the months February to 
May, in Porto Rtco (Gamdo Morales, 1930), April to June, and m Syracuse, 
New York State (Silverman, 1941), March to April Hence, although there 
is no explanation for the unusual time of appearanoe of the outbreak in 
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Malta (November to February) such irregularity cannot be regarded as 
uncommon The winter months are cool like an English autumn (tempera- 
ture 50° to 60° F ), with more ram than at any other tune of the year (about 
100 rnm m December and the same amount m January) , and ram may fall 
on more than half the days m the months of November, December, and 
January The weather during the winter months of 1942-3 waB not ex- 
ceptional, except that there were heavy gales of wind and ram shortly 
before the outbreak Among United Kingdom service personnel there was an 
increase m the mcidence of common colds during the last two months 
of 1942 

Overcrowding Overcrowding of civilians had been serious since the summer 
of 1940, especially during the months between late 1941 and the autumn of 
1942, when intense aerial bombardment drove thousands of people into 
shelters, and others whose homes had been destroyed to seek refuge with 
friends m outlying towns and villages However, the epidemic came at 
a time when many people had returned to sleepmg m houses, though the 
overcrowding was still considerable Some idea of living conditions at the 
time of the epidemic may be gathered from Fig 4 Two measures of over- 
crowding were used, the number of persons sleepmg m the same room as 
the patient, and the number sharing a bed with the patient Yet there 
were only seven homes in which more than one child was affeoted, and none 
m which there were more than two cases Hence it may be concluded that 
overcrowding was not an important factor m determining the case morbidity, 
though it may well have contributed to the dissemination of the causal virus 
It is also likely that there must have been a high degree of immunity, as is 
usually the case m a predominantly urban population (League of Nations, 
1935) In the services there was some overcrowding of airmen, but none to 
speak of among sailors and soldiers 

Malnutrition and under-nutnhon During the summer and autumn of 1942 
the daily adult calorie consumption was not more than 1,500 and often as 
little as 1,100 The children received less There were, however, three 
sections of the population whose diet was more liberal 

(а) Gozo is more fertile than Malta, and at the time of the epidemic the 
population density was about one-third of that m the mam island The 
Gozitans enjoyed their own abundant produce and probably kept well above 
starvation level 

(б) The rations of men in the services worked out at about 2,300 
calories, but, although the allowance was more liberal than that for civilians, 
sailors, soldiers, and airmen alike were subjected to great and unmitigated 
physical and mental strain, though no more than in the case of many civilian 
workers The arduous work of defence had to go on 

(c) It is probable that the more affluent classes had reserves of food and it 
is certain that they patronized the black market, but from the nature of the 
case it was not possible to know how these people fared, and thej cannot 
therefore be used as controls 
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Examination of the mcidence of the disease shows that the Gozitans were 
affected to the extent of 1 7 cases per 1,000, the services 2 5 per 1,000, and 


NUMBER OF PERSONS IN ROOM AT NIGHT 
INCLUDING PATIENT 



&7 75 37 4£ 34 

• •• ••• 

• INDICATES TWO CASES IN ONE FAMILY 


IS II ID 4 FAMILIES 


NUMBER OF PERSONS SHARING 
BED WITH PATIENT 


SLtPT MONt. 


9S 



L 


children 


adults 


9 cases 


Fig 4 Overcrowding In the upper diagram the height of each col umn shows the 
number of persona sleeping in one room, the breadth, the number of families in each 
group In the lower diagram adults are indicated by black shading, the widths indicate 
the numbers of families and the heights the proportions of children and adults 

the Maltese civilians 1 64 per 1,000 If diet had any influence on the 
mcidence of the disease it is certainly not revealed by these figures There 
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was also a considerable degree of vitamin deficiency, though the onty estimate 
of its extent known to ns is that given by Lapira (1943) 


" 

A 

B 1 

C 

Communal kitchen week ending 27 11 42 

488 

77 

67 

Ration issue penod beginning 21 11 42 

86 

23 

0 

Bread about 1 4 lb a day 

0 

302 

0 

Recommended allowances (National Research 

~573 i u 

402 i u 

6 7 mg 

Council) 

6,000 i u 

600 i u 

76 Omg 


Some 120 patients with ulcerative stomatitis came under his care during 
the months of November and December, 1942, which happened to be the 
peak period of the epidemic, and the only remedy which he found effective 
was ascorbic acid The patients came from all parts of Malta and, almost 
without exception, were in poor health There were also some disorders very 
suggestive of hypovitammosis among service personnel, though their frequency 
was unknown Between August and November 1942 there were at least 10 
cases in previously fit young men of oedema of the legs accompanied by loss 
of energy and proneness to fatigue Examination, including electrocardio- 
graphy, failed to reveal any other abnormalities, and there was no evidence 
of peripheral neuritis Blood-protein estimations were not possible, but there 
was no deficiency of protein m the service diet at that time Complete and 
permanent recovery followed the administration of vitamin B, During 
December 1942 and January 1943 there was an outbreak of glossitis, and 
this was at a time after the calone value of the diet had been increased, 
though the increase was mainly in the carbohydrate intake Lastly, there 
was a fairly general deterioration in the power of dark adaptation, as 
the nights were fairly light this was more noticeable than actual night- 
blindness 

Age There was no doubt that among the civilian population youth was 
a predisposing factor Among infants from birth to three months the inci- 
dence was relatively low (Table HI, Eig 3) , this suggests that some kind of 
immunity had been transmitted from mother to child (Aycook and Cramer, 
1930), but if this was so the protection was only passive and therefore of 
limited duration The incidence of disease was greater m the fourth to the 
twelfth month, rose to a peak in the second and third years, was still high 
during the fourth and fifth years, and then fell rapidly, so that after the tenth 
year, excluding the services, there were but six cases The susceptibility of 
the youngest and next to the youngest children is shown in Fig 5 It is 
conceivable that if, as seems likely, the virus had been prevalent for a long 
time m the island the almost complete immunity of the adolescent and adult 
population might be the result of exposure to small doses of virus sufficient 
to confer immunity without producing more than an occasional case of frank 
paralysis But many children under five, and some under 10 years, had 
failed to become immunized, either through lack of exposure or because of 

* Presumably thiamine 
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some mtnnsic defect, they therefore fell vi 
bution of the virus became widespread If 
immunity m the greater part of the popul 
order, for the disease appeared m almost ev 
Social status In only 14 of the Maltes 
circumstances be described as comfortable 


PLACE (N FAMILY 

■ youngest child 

£2 NEXT YOUNGEST 
□ OLDER CHILDREN 


* 




Fio 5 Place m family of affected ohildr 
the let, 2nd 18th in the fam 

the well-to-do largely escaped because t 
of the epidemic became generally kno 
degree of domestic protection accounts 
disease m those children from good fa 
contact with the infection (of influence 
ficant that all except five of the seme 
families or were earning more than £3 
exceptions were three regular soldiers, an 
Mode of spread Men in the services did 
infection as the adult Maltese, and 57 of ^ 
Without exception they were not natives o 
to suppose that this minority had come int 
new to them and to which they were susce 
tries in the temperate zones where pohomyt 
an age at which immunity is generally pi 
a high grade of immunity m the majority, sl 
the total number of men from overseas were afh 
unfortunate minority had not acquired immum 
ceroed in this epidemic It is known (Howe a 
i mmuni ty to one strain of virus may fail to pre 


•2#. f -x; 







Fig C Geographical distribution of the 450 cases in which the habitat could 
bo determined with certainty 
• civilian case x service case 
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some intrinsic defect, they therefore fell victims to the disease when distri- 
bution of the virus became widespread If this hypothesis is correct, the 
immunity m the greater part of the population must have been of a high 
order, for the disease appeared in almost every town m both islands (Fig 6) 
Soctal status In only 14 of the Maltese families affected could their 
circumstances be described as comfortable It may be that the children of 


so PLACE IN FAMILY 



Flo 5 Place m family of affected children the number of children who wore 
the let, 2nd 18th m the family is Bhown m each column 


the well-to-do largely escaped because they were kept at home as soon as news 
of the epidemic became generally known It has been supposed that a high 
degree of domestic protection accounts for the comparative frequency of the 
disease m those children from good families who do by chance come into 
contact with the infection (cf influence of overcrowding), and it may be signi- 
ficant that all except five of the service patients came from * middle-class ’ 
families or were earning more than £3 10s a week before the war The 
exceptions were three regular soldiers, and two skilled craftsmen 

Mode of spread Men m the services did not enjoy the same freedom from 
infection as the adult Maltese, and 57 of them fell victims to the disease 
Without exception they were not natives of the island Thus it is reasonable 
to suppose that this minority had come into contaot with a virus that was 
new to them and to which they were susceptible Yet they came from coun- 
tries in the temperate zones where poliomyelitis is endemic, and had reached 
an age at which immunity is generally present There must have been 
a high grade of immunity in the majority, since only a small proportion of 
the total number of men from overseas were affected It may well be that the 
unfortunate minority had not acquired immunity to the strain of virus con- 
cerned in this epidemic It is known (Howe and Bodian, 1942, 198) that 
immunity to one strain of virus may fail to protect against infection with 



Fig 0 Geographical distribution of the 450 cases m -which the habitat could 
be determined with certainty 


• civilian case 


service case 
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another strain, and this is the explanation usually given for the rare cases 
of second attacks of the disease Those who were affected suffered severely , 
the mortality rate was 19 3 per cent , at least four times as great as 
that among the civilians, and among the survivors there was a grave resi- 
due ,of disability Hence we may conclude that the Malta strain or strains 
of virus did not correspond completely with those found in the United 
Kingdom 

There was an influx of some 200 airmen during October and November, 
and it is conceivable that there were carriers among them, since the service 
cases occurred in men who for the most part had been m the island for a long 
time However, the civilian epidemic started two weeks before the outbreak 
among service personnel, and it was three weeks before an airman was taken 
ill Furthermore, the civilian epidemic did not start in places where there 
were large concentrations of Royal Air Force personnel, and when it did 
begin, the adult Maltese escaped completely Thus there is no real evidence 
that the infeotion came from without 

There is an interesting parallel between the epidemic and the outbreak of 
infective hepatitis m Palestine described by Cameron (1943), m which a con- 
siderable number of British troops were affeoted ‘It appears that the 
disease has been regarded as sporadic rather than epidemic, that young 
people and especially children are prone to infection, and that new arrivals 
m the country are more likely to be infected than those bom in Palestine 
Spirochaetal jaundice has also been encountered, but all were agreed that 
the sporadic cases were not of this type ( The view was advanced by many 
physicians that a large number of children acquire the disease m a mild form 
and are immune for life, thus reducing the incidence in the adult native 
population With each now immigration of settlers a new non-immune child 
population is added, and this accounts for epidemics m children during their 
first two years in the country So well known is this belief that the disease 
has been called “German jaundice”, since so many immigrants have come 
from that country The arrival of British troops represents another immi- 
gration, the only difference being m age ’ 

The incidence of cases m relation to the population of each town (total 
population and children under four years of age) has been worked out m 
detail There are such bewildering and to us mexphoable differences that 
the tables have not been included The ratios ranged between 0 2 and 9 8 
per 1,000 total population, and between 2 and 50 per cent of the population 
of 0 to 4 years of age 

It was not possible to trace any geographical march of the epidemic The 
tune of appearance of cases m the various towns and within each town was 
studied, there was no regular connexion so far as we could see between the 
date of appearance of the disease m one town and its appearance in neigh- 
bouring towns, perhaps only a mile or two away No single service unit had 
more than three cases, squadrons of the Royal Air Force living together 
being considered as one unit Detailed study of the movements of individuals 
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might have thrown light on the mode of spread, but m the time at our 
disposal such an elaborate investigation was out of the question , it would 
have involved taking full accounts of the movements of at least 2,000 persons 
However, oertam classes of apparent contact infection were examined (Table 
VI) The civilians are grouped under three headi n gs in decreasing order of 
mtimaoy, cases in the same household, cases m adjoining houses, and oases 
among relatives who visited eaoh other with some frequency It is by no 
means clear that in each instance the infection was transmitted as a result 
of contact between the cases appearing together in Table VT, since in several 
the onset was on the same day, A 6, B 8, B 9, B 10, or with only a short 
interval, A 1, A 4, and B 6 These children may well have developed the 
disease as a result of almost simultaneous contact with a third (but, to us, 
unknown) source of infection On the other hand, the time intervals in B 6 
and C 3 were so long that personal contaot probably had no significance It 
is conceivable that droplet spread from older children or adults who were 
either carriers or suffering from the disease in its non-paralytic form was 
responsible for the overt infection of the younger members of a family In 
24 apparently unaffected contacts, 23 adults and one child, there was a clear 
history of coryza at the time when a child in the house was stricken with 
the disease 

In four service cases (see p 6) there was presumptive evidence for case- 
to-case infection One further case, not included m our series, may have 
contracted the infection in hospital by means of a carrier He was admitted 
to hospital direct from one of H M vessels some time before the outbreak of 
the epidemic He left hospital m January 1943 and travelled by air He 
reported sick within 24 hours of departure and a diagnosis of acute anterior 
poliomyelitis was made The patient had had no access to proved cases of 
the disease However, no very clear evidence has emerged for or against the 
spread of the disease by droplet infection , it is desirable, therefore, to con- 
sider an alternative mode of spread, one which has attracted increasing 
attention during recent years 

Excremental spread There is now no doubt that the poliomyelitis virus 
can be excreted in the faeces of Bufferers from the disease (Khng, Olin, 
Magnus son, and Gard, 1939, Vignec, Paul, and Trask, 1939, Trask, Paul, 
and Vignec, 1940) It may even be found in the excreta of those who have 
shown no definite signs of paralysis, and the virus may continue to be 
excreted for as long as 123 days after exposure of the subject to infection 
(L6pme, Sedalhan, and Sautter, 1939) Furthermore, the virus is astomsh- 
mgly hardy At room temperature it survives m water for at least 114 days 
(Khng, Levaditi, and Lepme, 1929) and at refrigerator temperature for at 
least 100 days (Carlson, Ridenour, and McKhann, 1942) It will persist for 
four to five months m saturated salt solution at 10° to 12° C (Clark, Schindler, 
and Roberts, 1930) Khng, Levaditi, and LApine (1931) inoculated with the 
virus commercial butter and butter made in the laboratory , m both instances 
the virus survived for at least 91 days at —2° C It will also live for 75 days 
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Table VI 
Civilians 
CONTACTS 


A Brothers and sisters (14 children) 



Case number aurt 

Case 

Interval 


date of onset 

number 

in days 

1 

169 

7 1 43 

168 

3 

2 

329 

26 11 42 

328 

11 

3 

374 

27 12 42 

373 

18 

4 

292 

24 12 42 

293 

1 

6 

438 

26 12 42 

439 

4 

6 

486 

21 11 42 

467 

0 

7 

493 

8 12 42 

180 

16 



B House to house (20 children) 


1 

163 

20 12 42 

162 

6 

2 

124 

22 12 42 

125 

6 

3 

440 

1 12 42 

324 

21 

4 

460 

9 12 42 

461 

19 

6 

219 

16 11 42 

218 

46 

0 

111 

13 12 42 

116 

2 

7 

132 

31 12 42 

142 

6 

8 

216 

12 143 

217 

0 

9 

160 

1 143 

161 

0 

10 

466 

20 12 42 

466 

0 



O Relatives (6 children) 


1 

316 

22 12 42 

314 

6 

2 

376 

10 12 42 

379 

14 

3 

379 

24 12 42 

446 

24 


or more in faeces stored m a refrigerator , it was found to be aotive m two 
specimens tbat had made a transatlantic crossmg lasting 17 days, without 
any precautions being taken as to temperature (Trask, Paul, and Vignec, 
1940) Howe and Bodian (1942, 102) kept infected stools at about 0° C for 
more than a year, without finding any diminution m potency of the inoculum 
Most important of all, it may be recovered from sewage (Paul, Trask, and 
Culotta, 1939) even when there are very few overt cases of poliomyelitis m 
the catchment area (Trask and Paul, 1942) 

Reference has already been made (p 1) to the sanitary conditions pre- 
valent in Malta as a result of the widespread devastation , even m normal 
times soil contamination is considerable, excreta being surreptitiously em- 
ployed for the manuring of crops, especially tomatoes In the summer of 
1942 the prospect of fa mine was so grave and the hope of obtaining fertilizers 
from outside sources so slender that the Government reluctantly gave permis- 
sion for the employment of sewage for fanning purposes In a memorandum 
dated 16 4 43 the Assistant Director of Agriculture stated that ‘The large 
scale use of sewage on the Government Farm and Marsa Sports Ground 
commenced on or -about the 10th July, 1942, although human food crops 
grown with this sewage were not available until October onwards From July 
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onwards farmers m the following areas were given authority to use sewage 
on crops normally cooked before consumption 

(1) Mellieha 

(2) Imtarfa (between Mdina and Imtarfa) 

(3) Rabat (between Rabat and Ta Qali aerodrome) 

(4) Attard 

(6) Marsa (adjoining the civil abattoir) 

(6) Addolorata Cemetery (limits of Paula) 

These areas had their supply of sewage cut off on or about November 9th and 
the only project continued was that on the Government Earm and Marsa 
Sports Ground Even there sewage was not used between the end of November 
1942 and the middle of February 1943, owing to an adequate amount of 
ram Farmers had been using sewage which was overflowing as a result of 
bomb damage in the areas (2) and (3) above during the month of May and - 
June without any form of Government control ’ Thus there were districts 
extending m a broken line from near the north-west tip of Malta to the Grand 
Harbour in which sewage was known to be exposed No like measures had 
been sanctioned m Gozo, though excrement had long been used for manuring 
m spite of the vigilance of sanitary inspectors There was an outbreak of 
typhoid fever very soon after the use of sewage on the land was begun 
(Fig 7) , dysentery also became prevalent at about the same time, though 
no civilian figures are available since the disease is not notifiable m Malta 
It is clear that consumption of infected vegetables could not be held 
responsible for these outbreaks, since the peak was passed before the crops 
had come to maturity and been gathered Chlorination of the water supply 
was adequate, and there are therefore no grounds for believing that these 
entenc mfeotions were water-borne The remaining possibility is spread by 
flies In normal times flies abound m Malta during the summer and early 
autumn In 1942 they were especially prevalent, conditions for breeding 
being ideal m the devastated areas Hence it is reasonable to concur with 
the opinion expressed by the Chief Government Medical Officer that the 
typhoid epidemic was fly-bome 

Three possible modes of spread, food, water, and flies, must now be con- 
sidered in relation to the poliomyelitis epidemic 

Spread by food Crops There is some evidence (August and Toomey, 1933 , 
League of Nations, 1935) that the time of harvesting and consumption of 
certain crops and the seasonal incidence of poliomyelitis are more than coinci- 
dental, and although Camps (1940) in reporting the Essex epidemic discounted 
the view that strawberries may have played some part m spreading the 
disease, he has recently modified his opinion (1943) In Malta the crops were 
gathered shortly before the outbreak, yet although it is possible that the 
disease was conveyed to the civilian population by consumption of infected 
vegetables, it is difficult to see how the British troops could have become 
infected, since the kitchen technique of the Army and Royal Air Force 
would almost certainly have closed this possible source of the virus 
Milk It was conceivable that some kind of food, other than vegetables or 
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fruit, issued especially to infants and to service personnel, might have been 
responsible for spreading the virus, and suspicion fell on dried milk The 
facts, for which we are indebted to Mr H K Jones, Superintendent of the 
Cosup Stocks and Stores, are as follows The distribution of powdered milk 
to cmkans in Malta and Gozo started on August 24, 1942, and the weekly 
ration for each person was about 2f oz of skimmed milk powder Children 
under two years of age received a speoial ration of 12 units of full cream 
milk powder for the corresponding period The total quantities m tons dis- 
tributed during the relevant months were 

Slammed milk Full cream milk 
September 26$ 144 

October 31$ 14$ 

November 33$ 55$ 

, December 14$ 59 

The issue to the services began on October 9 at the rate of | oz a day for 
each man, increased to 1 oz> between December 2 and 9 On December 10 
the ration was increased to 2 oz of tinned milk a day There was a different 
scale for hospitals where everyone, including orderhes, received lj oz a day 
of full cream milk powder during October, November, and December Some 
patients on special diets received as muoh as 41 oz a day No powdered 
milk was salvaged from ships sunk m the Grand Harbour, and except when 
a heavy shower of rain fell on an unprotected open-air dump there was no 
possibikty of contamination of the milk powder before issue The brands of 
milk distributed came from well-known firms who have supplied enormous 
quantities for distribution elsewhere It is clear that although this article 
of food was consumed chiefly by children (many of the adult Maltese gave 
their rations to their children) and by men m the services, consumption 
began well before the epidemic started , it also contmued for long after it 
was over Unless one assumes that certain particular batches of milk were 
contaminated during manufacture and that distribution happened to ocour 
in such a way that these batches of milk powder reached almost every part 
of Malta and Gozo, both fantastic assumptions, it is impossible to make out 
a case for incriminating the milk supply 

Shell- fish Although the Maltese eat shell-fish, especially the eggs of the 
sea-urchin and sea-hedgehog, the mam consumption of these foods is earlier 
in the year, and they are eaten only by adults 

Water Several objections have been made to the hypothesis that the 
epidemic was water-borne, m addition to the more general ones made in the 
League of Nations Bulletin (1936) and by Maxcy (1943) The epidemic 
affected mainly infants, a fair proportion of those under one year being 
breast-fed, and not therefore likely to be large consumers of water How- 
ever, supplementary feeding was common, and the dried milk was usually 
made up with unboiled water 

The island of Malta is a mass of limestone, most of it coralline and com- 
paratively porous, at one stratigraphical level there is a formation of 
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impervious clay, though this has been completely removed by erosion through- 
out the eastern half of the' island There are few springs and no nvers, 
and the water supply is derived from numerous deep shafts and galleries 
This (ram) water m its downward passage through the rooks has undergone 
considerable filtration, but it is improbable that the virus of poliomyelitis 
would be held back Carlson, Ridenour, and McKhann (1942) found that 



Fig 7 Relation m tune between typhoid and poliomyelitis epidemics 


the virus defied most methods of water purification, such as coagulation and 
sedimentation, sand filtration, adsorption on activated charcoal, aeration, 
adjustment of pH, and storage What is even more disturbing is the failure 
to destroy the virus of a degree of chlorination adequate to kill organisms 
of the enteric group (Kempf, Wilson, Pierce, and Soule, 1942) 

The water supply of Malta is a complicated affair with many intercom- 
munications The cases occurring during the first two weeks of the epidemic 
were scattered over the island, and the 10 towns first affected were severally 
supplied with water from one or other of at least four and at most six 
separate sources, the number of the latter depending upon fluctuations in 
the day-to-day supply Hence, if the infection was water-borne, it is 
necessary to postulate simultaneous contamination of four to bix water 
supplies It must be conceded that the areas in which sewage was used for 
manuring crops lay near the catchment areas of three sources of supply 
(Mellieha, Ta Qali, and Wied-il-Kbir), but on tho other hand (see p 16) the 
use of sewage on the fields began m July and, with the exception of tho 
Government Farm and the Marsa Sports Ground, ceased early m November 
From the end of November 1942 until the middle of February 1943 even 
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fruit, issued especially to infants and to service personnel, might have been 
responsible for spreading the virus, and suspicion fell on dried milk The 
facts, for which we are indebted to Mr H K Jones, Superintendent of the 
Cosup Stocks and Stores, are as follows The distribution of powdered milk 
to civilians in Malta and Gozo started on August 24, 1942, and the weekly 
ration for each person was about 2f oz of skimmed milk powder Children 
under two years of age received a special ration of 12 units of full oream 
milk powder for the corresponding period The total quantities m tons dis- 
tributed during the relevant months were 

Skimmed milk Full cream milk 
September 26} 141 

October 31} 144 

November 33} 55} 

, December 14} 59 

The issue to the services began on Ootober 9 at the rate of i oz a day for 
each man, increased to 1 oz.. between December 2 and 9 On December 10 
the ration was increased to 2 oz of tinned milk a day There was a different 
scale for hospitals where everyone, including orderlies, received lj oz a day 
of full cream milk powder during October, November, and December Some 
patients on special diets received as much as 41 oz a day No powdered 
milk was salvaged from ships sunk m the Grand Harbour, and except when 
a heavy shower of ram fell on an unprotected open-air dump there was no 
possibility of contamination of the milk powder before issue The brands of 
milk distributed came from well-known firms who have supplied enormous 
quantities for distribution elsewhere It is clear that although this artiole 
of food was consumed chiefly by chddren (many of the adult Maltese gave 
their rations to their children) and by men m the services, consumption 
began well before the epidemic started , it also continued for long after it 
was over Unless one assumes that certain particular batches of milk were 
contaminated during manufacture and that distribution happened to occur 
in such a way that these batches of milk powder reaohed almost every part 
of Malta and Gozo, both fantastic assumptions, it is impossible to make out 
a case for morimmating the milk supply 

Shellfish Although the Maltese eat shell-fish, especially the eggs of the 
sea-urchin and sea-hedgehog, the mam consumption of these foods is earlier 
m the year, and they are eaten only by adults 

Water Several objections have been made to the hypothesis that the 
epidemio was water-borne, m addition to the more general ones made in the 
League of Nations Bulletin (1936) and by Maxcy (1943) The epidemic 
affected mainly infants, a fair proportion of those under one year being 
breast-fed, and not therefore likely to be large consumers of water How- 
ever, supplementary feeding was common, and the dried milk was usually 
made up with unboiled water 

The island of Malta is a mass of limestone, most of it coralline and com- 
paratively porous, at one stratigraphical level there is a formation of 
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numerous than at any other tune of the year, but less numerous than in 
corresponding periods m preceding years Furthermore, the rate of develop- 
ment of the epidemic was too rapid The case is not a strong one 

The portal of entry Although infection by way of the olfactory bulbs is 
the ‘normal’ portal of entry in what used to be the favourite experimental 
animal. Macacos rhesus, evidence has been accumulating slowly but lm- 



CERVICAL THORACIC LUMBAR SACRAL 

Fig 8 Spinal segmental involvement, worked out from detailed muscle charts 
and the root supply (Foerster) of the limb muscles 

pressively in favour of the pharynx and the bowel as the portals of entry m 
Man, almost to the exclusion of the olfactory route As long ago as 1913 
Flexner, Clark, and Fraser found the virus m the nasopharyngeal washings 
from healthy carriers, and there have been many tragio cases of bulbar 
paralysis after tonsillectomy 

Reference has already been made to the demonstration of the virus in 
intestinal contents Furthermore, it has been shown that monkeys and apes 
can be infected by inooula introduced into the intestinal canal (Howe and 
Bodian, 1942, chap 6) Toomey (1933) has gone further, and has demonstrated 
that the virus can travel centrally by way of the abdominal sympathetic 
system, though Howe and Bodian 's (1942) experiments suggest that the 
abdominal parasympathetic may play an equally important part The 
predominance of damage to the lumbosacral segments of the cord is widely 
recognized, and was a feature of the Malta epidemic (Fig 8) This has been 
interpreted, again by Toomey, as evidence m favour of the abdominal 
portal of entry, though it may be no more than an indication of special 
susceptibility of the anterior horn cells of the lumbar enlargement It is 
important to note that Vignec, Paul, and Trask (1939) found experimentally 
that the distribution of lesions m the central nervous system bore little 
relation to the portal of entry, and if this is true in Man the difficulties of 
assessing the relative importance of the nasal and pharyngeal as opposed to 
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the last-named sites were no longer supplied with sewage, owing to the 
adequacy of the rainfall Furthermore, Dr E L Sturdee of the Ministry 
of Health has pointed out to ns that Dr E B Bailey, Director of the 
Geological Survey, stated that the site at Rabat where sewage was used on 
the fields ‘was on or below the clay out-crop that supported the upper water 
table Irrigation of this site could not, therefore, affect the galleries or 
springs draining the latter above the clay The land irrigated was altogether 
too far from “anywhere” where the lower water table was exploited to 
run any risk of affecting that table The sports ground at Marsa was on the 
globigerma limestone outcrop which was relatively impermeable and would 
isolate the sports ground satisfactorily from the tunnels draining the under- 
lying water table in the lower coralline limestone some distance to the 
south west ’ Thus on geological grounds alone contamination of two of 
the three catchment areas is excluded 

Certain towns had a common water supply , for example, Tarxien, Paula, 
Zabbar, and Marsascala , yet the case-rate m children under four years was 
4 5 per cent in Tarxien and Paula, and 30 5 per cent in Zabbar and Marsa- 
soala , in Qrendi, Siggiewi, Zumeq, and Kirkop, all receiving the same supply, 
the rates were 36, 18, 14, and 0 per cent respectively Such irregularities 
are hardly compatible with a water-borne source of infection Lastly, the 
epidemic appeared almost at the same time in Gozo, with its separate water 
supply This, of all reasons against incrimination of the water Bupply, is the 
strongest 

Flies Until recently no one had seriously considered flies as vectors of 
poliomyelitis, although it was shown over 30 years ago that certain species 
could carry the disease by first biting an experimentally infected monkey 
and then bitmg a non-mfected animal (Anderson and Frost, 1912, Rosenau 
and Brues, 1912) In 1941 Paul, Trask, Bishop, and Mehnok showed beyond 
all doubt that flies could carry the virus, and it was probable, in their investi- 
gation, that the source was exposed faeces That flies could pick it up from 
the sewage effluent from a town where there were cases of poliomyelitis was 
demonstrated by Toomey, Takacs, and Tischer (1941), while Sabm and Ward 
(1941) found the virus m collections of flies that had had no known acoess 
to excreta, the only apparent source of infeotion being garbage cans More 
detailed work was reported later by Trask and Paul (1943), and Trask, Paul, 
and Melmck (1943), four of 19 samples of flies collected within epidemic 
areas during and after the onset of nearby human cases gave positive inocu- 
lation tests, and of eight samples collected for the most part during the 
decline of an epidemic, but within 10 days of the onset of a local case of 
poliomyelitis, four yielded the virus 

It has already been mentioned that flies were probably responsible for 
spreading typhoid and dysentery Did they also play a part m spreading 
poliomyelitis? The irregular distribution of the cases of the disease suggests 
this but it is curious that the epidemic came so much later than is usually 
the case with poliomyelitis and at a period when flies were not only less 
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numerous than at any other time of the year, but less numerous than in 
corresponding periods m preceding years Furthermore, the rate of develop- 
ment of the epidemic was too rapid The case is not a strong one 

The portal of entry Although infection by way of the olfactory bulbs is 
the ‘normal’ portal of entry in what used to be the favourite experimental 
animal, Macacus rhesus, evidence has been accumulating slowly but lm- 



Fia 8 Spinal segmental involvement, worked out from detailed muscle charts 
and the root supply (Foerster) of the limb musoles 

pressively in favour of the pharynx and the bowel as the portals of entry m 
Man, almost to the exclusion of the olfactory route As long ago as 1913 
Flexner, Clark, and Fraser found the virus m the nasopharyngeal washings 
from healthy earners, and there have been many tragic oases of bulbar 
paralysis after tonsillectomy 

Reference has already been made to the demonstration of the virus m 
intestinal contents Furthermore, it has been shown that monkeys and apes 
can be infected by inocula introduced into the intestinal canal (Howe and 
Bodian,1942, ohap 6) Toomey(1933) has gone further, and has demonstrated 
that the virus can travel centrally by way of the abdominal sympathetic 
system, though Howe and Bodian’s (1942) experiments suggest that the 
abdominal parasympathetic may play an equally important part The 
predominance of damage to the lumbosacral segments of the cord is widely 
recognized, and was a feature of the Malta epidemic (Fig 8) This has been 
interpreted, agam by Toomey, as evidence m favour of the abdominal 
portal of entry, though it may be no more than an indication of special 
susceptibility of the anterior horn cells of the lumbar enlargement It is 
important to note that Vignec, Paul, and Trask (1939) found experimentally 
that the distribution of lesions in the central nervous system bore little 
relation to the portal of entry, and if this is true m Man the difficulties of 
assessing the relative importance of the nasal and pharyngeal as opposed to 
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the abdominal portal of entry become almost insuperable, either by clinical 
means or post-mortem examination On the other hand, Leake (1936) found 
that m 12 cases of paralysis resulting from the injection of attenuated 
poliomyelitis virus into the upper or lower limb the level of involvement 
of the cord corresponded very closely with the spinal segmental level of the 
site of injection In the Malta epidemic there was no dear correspondence 
between the initial symptoms and the subsequent distribution of the 
paralysis The incidence of abdominal symptoms was about I m 4, and the 
incidence of coryza and other signs of nasopharyngeal invasion about 1 m 5, 
but it did not follow that a child with abdominal symptoms would develop 
paralysis referable to the lumbar segments, or on the other hand that upper 
respiratory symptoms would necessarily precede involvement of the upper 
limbs or respiratory musoles 

It has been suggested that undue susceptibility to organisms of the enteric 
group predisposes to poliomyelitic infection gaming entry by the intestinal 
canal (Toomey, 1931, 1934, 1940) If this is so, then the typhoid epidemic 
may have paved the way for the epidemio of poliomyelitis, but there have 
been many previous outbreaks of typhoid in Malta without any corresponding 
outbreak of poliomyelitis, and, so far as the actual incidence of the two 
diseases was concerned, there was no correspondence, except m two service 
cases, m individuals or in age groups Lastly, although the Maltese troops 
suffered considerably from both amoebic and bacillary dysentery from the 
late summer of 1942 to the spring of 1943, there was not a single case of 
poliomyelitis among them 

The Qozo epidemic The first cases in Gozo (civilians) appeared on November 
21, m Victoria and Zebbuj, six days after the epidemic started m Malta 
As will be seen from Table III the age distribution was much the same as in 
the main island A holding company of Maltese troops was stationed in Gozo 
together with some 10 to 16 British troops and about 20 airmen Imme- 
diately before and at the time of the outbreak of the epidemic limited leave 
to Gozo was granted to men serving on the mam island It is probable that 
at any one time about 20 men were staying there for their five-day periods 
of leave One of the early Army cases was admitted to hospital from Gozo, 
but it is reasonably certain that the disease had already affected lum before 
he left Malta There were no other contacts traceable to Gozo 

'All the (civilian) cases in Gozo except one were among inhabitants of 
that island This one exception was an evacuee from Sliema, but both patient 
and parents had been living m Gozo for several months before the epidemic 
As far as can be ascertained the first eases in Malta and those m Gozo were 
in no way related Prom September 1942 there had been a ferry service 
twice a week, on Tuesday and Thursday, but other means of transport were 
available almost daily between the Grand Harbour and Gozo ’ (Information 
supplied by Dr G Coleiro and Dr A E Bartolo ) 

EpidemiologicaUy, the outbreak m Gozo is crucial, for the almost simul- 
taneous appearance of poliomyelitis m two neighbouring islands greatly 
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reduces the scope of inquiry into possible modes of spread It is, therefore, 
all the more lamentable that greater advantage could not be taken of the 
remarkable circumstances of this epidemic , the pressure of events was too 
great, and there were no facilities whatever for the isolation and identifica- 
tion of viruses It was difficult to see how the exposure of infected sewage 
could have been responsible for simultaneous outbreaks through contamina- 
tion of two entirely separate water supplies Contamination of crops was 
a possibility, but reasons have already been adduced why this was unlikely 
m Malta as apart from Gozo An article of food distributed m Malta and 
Gozo alike would naturally fall under suspicion, but the only common factor 
of possible significance, dried milk, has already been exonerated If flies 
carried the disease (there were unusually few about at the time) by crossing 
the channel between the two islands, then one would have expected the first 
cases to appear m those towns nearest the mam island Actually, the reverse 
happened One is left, therefore, with the conclusion that the disease was 
taken from Malta by one or more carriers, and it should not have been 
impossible m such a relatively small and isolated community to track down 
the offenders This, alas, could not be done 


Epidemiological Conclusions 

Though it is impossible to say how the epidemic arose, the available 
evidence suggests firstly that the causal strain of virus differed slightly from 
the usual endemio Maltese strain, and still more so from the usual endemio 
British strain, and secondly, that mfeotion was spread mainly by naso- 
pharyngeal droplets and droplet nuclei 

The causal strain may have arisen m Malta itself as a variant of the 
normal endemio strain, or it may have been introduced from outside It 
cannot have differed greatly from the normal strain, smce its pathogenicity 
was confined to the more susceptible age groups of the indigenous population, 
who had presumably not had time or opportunity to become completely 
protected by the normal process of latent infection On the other hand, 
judging from the high incidence and seventy of the disease in service men, 
it must have differed considerably from the strain usually endemic m the 
British Isles 

That infection was predominantly of the respiratory type is indicated by 
the general form of the epidemio wave, by the occurrence of cases m all 
parts of Malta within a very short space of time, and by the almost simul- 
taneous appearance of the disease m Malta and Gozo The analogy with 
cerebrospinal fever is very strong Though infection probably gained access 
to the nasopharynx by droplets or air-borne droplet nuclei, there is no 
evidence to show whether the virus reached the central nervous system by 
the olfactory tract, the lymphatic tissue at the back of the nose and throat, v 
or through some lower portion of the alimentary tract 
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the abdominal portal of entry become almost insuperable, either by clmioal 
means or post-mortem examination On the other hand, Leake (1935) found 
that in 12 cases of paralysis resulting from the injection of attenuated 
poliomyelitis virus into the upper or lower limb the level of involvement 
of the cord corresponded very closely with the spinal segmental level of the 
site of injection In the Malta epidemic there was no clear correspondence 
between the initial symptoms and the subsequent distribution of the 
paralysis The moidence of abdominal symptoms was about lin4, and the 
incidence of coryza and other signs of nasopharyngeal invasion about 1 in 6, 
but it did not follow that a child with abdominal symptoms would develop 
paralysis referable to the lumbar segments, or on the other hand that upper 
respiratory symptoms would necessarily precede involvement of the upper 
limbs y»r respiratory muscles 

It has been suggested that undue susceptibility to organisms of the enteric 
group predisposes to poliomyelitic infection gaming entry by the intestinal 
canal (Toomey, 1031, 1934, 1940) If this is so, then the typhoid epidemic 
may have paved the way for the epidemic of poliomyelitis, but there have 
been many previous outbreaks of typhoid in Malta without any corresponding 
outbreak of pohomyelitis, and, so far as the aotual incidence of the two 
diseases was concerned, there was no correspondence, except m two service 
cases, m individuals or in age groups Lastly, although the Maltese troops 
suffered considerably from both amoebic and baoillary dysentery from the 
late summer of 1942 to the Bpnng of 1943, there was not a single case of 
poliomyelitis among them 

The Gozo epidemic The first oases m Gozo (civilians) appeared on November 
21, in Victoria and Zebbuj, six days after the epidemic started in Malta 
As will be seen from Table III the age distribution was much the same as in 
the main island A holding company of Maltese troops was stationed in Gozo 
together with some 10 to 15 British troops and about 20 airmen Imme- 
diately before and at the time of the outbreak of the epidemic limited leave 
to Gozo was granted to men serving on the mam island It is probable that 
at any one time about 20 men were staying there for their five-day periods 
of leave One of the early Army cases was admitted to hospital from Gozo, 
but it is reasonably certain that the disease had already affected him before 
he left Malta There were no other contacts traceable to Gozo 

‘All the (oivihan) cases m Gozo except one were among inhabitants of 
that island This one exception was an evacuee from Sliema, but both patient 
and parents had been living in Gozo for several months before the epidemic 
As far as can be ascertained the first cases m Malta and those m Gozo were 
in no way related From September 1942 there had been a ferry service 
twice a week, on Tuesday and Thursday, but other means of transport were 
available almost daily between the Grand Harbour and Gozo ’ (Information 
supplied by Dr C Coleiro and Dr A E Bartolo ) 

Epidemiologically, the outbreak m Gozo is crucial, for the almost simol- 
taneous appearance of poliomyelitis in two neighbouring islands greatly 
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It is a pleasure to record our indebtedness to those without whose help 
this work could not have been done Not all can be mentioned by name, 
since the list is a long one, and we must content ourselves by tha nkin g those 
most directly concerned HJE the Governor, Field-Marshal Viscount Gort, 
HH the Lieutenant-Governor, Mr D C Campbell, Major-General L T 
Poole, Director of Pathology, Army Medioal Service, Brigadier W K Mom- 
son, D DJI S , Malta, the Chief Government Medical Officer, Professor A E 
Bernard, Professor J E Debono, and the resident staff at St Luke’s 
Hospital As amateurs m epidemiology we owe muoh to Professor G S 
Wilson who has guided us in the analysis of data and whose criticisms of the 
paper itself have been invaluable We are also indebted to Dr E L Sturdee, 
Dr E B Bailey, and Miss Josephme Ogston 

This paper contains material from a report made by H J S to the 
Secretary of State for the Colonies, and from a paper read by K E T at 
the Medical Conference in Cairo, April 1943 
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Just as in cerebrospinal fever predisposing factors are often present, so 
it is not impossible that overcrowding, physical and nervous fatigue, and 
an inadequate dietary contributed to the genesis of the Malta epidemio of 
poliomyelitis 


Summary 

1 During the period November 1942 to February 1943 there was an 
epidemic of anterior poliomyelitis in the islands of Malta and Gozo There 
were 483 cases m all, 426 civilians and 67 men m the services 

2 The incidence fell most heavily on Maltese children under five years 
of age (82 per cent ), 61 persons over the age of 20 years were affected, and 
of these only four were Maltese, the remainder, the service cases, bemg from 
the United Kin gdom 

3 The mortality rate was high m the services (19 3 per cent ) and low 
among the civilians (3 6 per cent + ), the chief cause of death bemg respiratory 
paralysis 

4 That the virus was an indigenous strain was suggested by the following 
facts 

(a) Poliomyelitis has been endemic in Malta for many years, though the 
annual number of notifications has always been small, and there has never 
before been an outbreak that could be described as an epidemic 

(b) The disease affected civilians first 

(c) There was no evidence that the virus had been brought m by men in 
the services 

(d) The adult Maltese were almost completely unaffected, and there were 
no cases among Maltese soldiers 

(e) Although all service personnel, apart from the Maltese, came from the 
United Kingdom where poliomyelitis is endemio, they were severely affected , 
the case mcidence was 2 6 per 1,000, the mortality rate much higher than 
that of the native children, and the residual disability among the survivors 
considerable 

6 There were several unusual circumstances 

(а) Great overcrowding, which seemed to play httle part m promoting 
spread of the disease 

(б) Lack of food and vitamins, which also appeared irrelevant 

(c) The use of sewage in certain parts of Malta for manuring of crops If 
it could be assumed that the excreta of a considerable number of persons 
harboured the virus, then the disease might have been spread by contamina- 
tion of the water supply or of crops Such evidence as is available suggests 
that the water was not contaminated, and it is unlikely that the crops were 
It is tolerably certain that the disease was not spread by flies 

(d) Dried milk was distributed to both islands, especially to children and 
to men m the services It was, however, impossible to trace any connexion 
between the distribution of this article of food and the geographical mcidence 
of cases of poliomyelitis 
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It is a pleasure to record our indebtedness to those without whose help 
this work could not have been done Not all can be mentioned by name, 
since the list is a long one, and we must content ourselves by thanking those 
most directly concerned H E the Governor, Field-Marshal Viscount Gort, 
HH the Lieutenant-Governor, Mr D C Campbell, Major-General L T 
Poole, Director of Pathology, Army Medical Service, Bngadier W K Morn- 
son, D D M S , Malta, the Chief Government Medical Officer, Professor A E 
Bernard, Professor J E Debono, and the resident staS at St Luke’s 
Hospital. As amateurs m epidemiology we owe much to Professor G S 
Wilson who has guided us in the analysis of data and whose cntioisms of the 
paper itself have been mvaluable We are also indebted to Dr E L Sturdee, 
Dr E B Bailey, and Miss Josephine Ogston 

This paper contains material from a report made by H J S to the 
Secretary of State for the Colonies, and from a paper read by R E T at 
the Medical Conference m Cairo, April 1943 
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ADDENDUM 

Since this paper was completed a further report has been received from 
Dr A E Bartolo which contains an account of 12 other fatahties among 
the children with poliomyelitis, all except one having occurred at least four 
months after the onset of the disease The cause of death is known m each 
case, and in only one could the fatal issue have been connected with the 
paralysis In this case, a child of 23 months who had suffered from polio- 
myelitis since the age of five months, with involvement of the respiratory 
muscles, died 18 months later as a result of respiratory infection 

The mortality rate due to poliomyelitis (3 5 per cent ) given on p 7 should, 
therefore, be mcreased by 0 2 per cent , the arguments based on this ' 
comparatively low rate are not invalidated 



27 


612 606 


GENETIC LINKAGE IN MAN, WITH PARTICULAR 
REFERENCE TO THE USEFULNESS OF VERY 

SMALL BODIES OF DATA 1 

\ 

By J A FRASER ROBERTS 

(From the Burden Mental Research Department, Stoke Park Colony, Bristol) 

Introduction 

The word linkage as used in genetics is a particularly unfortunate invention 
in biological terminology Anyone not entirely familiar with the subject is' 
liable to suppose from the common meaning of the word that, if two inherited 
traits are linked, they tend when observed simultaneously to stiok together 
m hereditary transmission What actually happens is quite different In 
genetics two gene pairs are said to be linked when they are situated upon the 
same chromosome pair Instead of being distributed at random, as is found 
m the absence of linkage, the linked genes producing the traits tend either 
to stick together unduly often, or, just as frequently, tend to separate 
unduly often The older terms coupling and repulsion give a far better idea 
of what occurs 

In a recent paper in this journal Penfold and Lipscomb (1943) presented 
observations made possible by an unusual opportunity — the simultaneous 
occurrence in the same family group of the two rare dommant traits, elhpto- 
cytosis and multiple telangiectasia Sharing this commonest of genetic mis- 
conceptions they are led to state that ‘ The genetic linkage of two or more 
characters indicates that the genes controlling them exist upon the same 
chromosome It follows that except m the rare cases where “ orossmg over” 
occurs the two characters will always be found together In fact this almost 
invariable association of two characters is the chief clue indicating their 
linkage ’ The misconception immediately becomes evident if for their words 
‘same chromosome ’ there is substituted the correct expression ‘ same chromo- 
some pair ’ If the genes are indeed situated on the same chromosome and if 
linkage is close, the effeot will be as they describe, but just as frequently the 
genes will be situated upon opposite members of the pair The two characters 
will then always separate except when crossing-over occurs Penfold and 
Lipscomb follow the passage quoted above with the opinion, which would 
doubtless be equally widely shared, that ‘ The association of anomalies in our 
own cases may well be fortuitous since both are inherited as Mendekan 
dominants , m any event no valid conclusion can be drawn from such small 
numbers This is entirely mistaken If two rare dommant traits can be 

1 Received October 6, 1944 
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ADDENDUM 

Since this paper was completed a further report has been received from 
Dr A E Bartolo which contains an account of 12 other fatalities among 
the children with poliomyelitis, all except one having occurred at least four 
months after the onset of the disease The cause of death is known in each 
case, and m only one could the fatal issue have been connected with the 
paralysis In this case, a child of 23 months who had suffered from polio- 
myelitis since the age of five months, with involvement of the respiratory 
musoles, died 18 months later as a result of respiratory infection 

The mortality rate due to poliomyelitis (3 6 per cent ) given on p 7 should, 
therefore, be increased by 0 2 per cent , the arguments based on this ' 
comparatively low rate are not invalidated 
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tasia, none will display both and none will be normal If, therefore, the 
genes are linked so closely that crossing-over is not observed, it will be found 
that some persons displaying both traits have offspring displaying both or 
neither, but not one alone, while others have offspring displaying either one 
or the other, but not both or neither 

But crossing-over, that is the interchange of segments between chromosomes 
of a pair, does occur Should the break take place between the loci of the two 
genes, gametes of the other kind will be formed Thus a person (E, T) (e, t) 
will ordinarily form gametes (E, T) and (e, t), but when crossing-over takes 
place between the loci the alternative cross-over gametes (E, t) and (e, T) 
will be formed instead. Similarly, the person who is (E, t) (e, T) will ordi- 
narily form gametes (E, t) and (e, T), but when crossing-over occurs between 
the loci the cross-over gametes (E, T) and (e, t) will be formed instead The 
frequency of crossmg-over depends upon the distance apart of the looi of the 
genes If they are close together it will seldom occur, if they are far apart 
it will occur often Let us suppose that m the present example the frequency 
of orossmg-over is 10 per cent Then a person with both dominant genes on 
one chromosome will produce offspring m the following proportions 


Elliptocytosis and telangiectasia 
Neither condition 

Elliptocytosis only 
Telangiectasia only 


40 % ) Non-cross-overs 
® ^ j Cross-overs 


If the two dominant genes are borne on opposite chromosomes, these 
proportions will be reversed Therefore some persons with both conditions 
will give offspring 90 per cent of whom have both or neither, 10 per cent 
having one or the other Other persons will give 90 per cent with one or 
the other and 10 per cent with both or neither If the genes are very far 
apart, crossmg-over may occur so often that the proportion of cross-overs 
may approach that of non-cross-overs The ratios then approach the pro- 
portions 1111, that ib, the proportions found when the genes are situated 
on different chromosome pairs and there is no genetic linkage at all In 
laboratory experiments the true facts are revealed when both genes are 
found to be linked to a third situated between them We cannot hope for 
this m man at the present time, so what can be investigated m practice is 
not whether linkage exists at all, but whether there is linkage sufficiently 
olo8e to give only a small or moderate amount of orossing-over 


An Examination of Penfold and Lipscomb's Pedigree 
The relevant portion of the pedigree is reproduced m the Figure 
II 2, nil, HI 2, III 3, and III5 were all examined and found to have 
both conditions 

IY 1, also examined, had telangiectasia but not elliptocytosis 
III 4 on examination showed no evidence of either anomaly A 6on, how- 
ever, had telangiectasia This is the phenomenon of ‘skipping a generation’, 
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observed simultaneously, a family group composed of a mere handful of 
persons may be sufficient to decide beyond reasonable doubt whether linka ge 
is present or not, or, to be more preoise, decide the question whioh alone can 
usually be investigated — whether there exists close or moderate genetio 
linkage It is true that Penfold and Lipscomb’s pedigree is a very small one, 
yet it will be shown that it is quite sufficient to rule out close li nka ge 
It is, therefore, the mam purpose of the present paper to stress the 
importance of recording any data on the simultaneous occurrence of two 
inherited conditions As has just been said, where two rare dominants are 
concerned a single small pedigree may provide conclusive evidence The 
observer is then in the position of being able to make a sohd contribution to 
the task of mapping the human chromosomes, and, of course, if the oppor- 
tunity is missed it may not recur for centuries 


The Consequences of Genetic Linkage 

It may be helpful to illustrate briefly the consequences of genetic linkage 
by referring to the simplest case, that of two traits determined by rare 
dominant genes A dominant gene produces its effect when only one is 
present, the other chromosome of the pair concerned bearing the corre- 
sponding normal gene Suppose that elhptooytosis and multiple telangiectasia 
are not linked, then a person with both anomalies will carry upon one 
chromosome of a particular pair the gene E for elhptocytosis and on the 
other member of that pair the corresponding normal gene e On another 
chromosome pair will be situated the gene T for telangiectasia and the 
alternative normal gene t The two chromosome pairs may be represented 
thus (E) (e), {T}{t} When the reduction division oocurs prior to the 
formation of the gametes, the members of each ohromosome parr separate, 
so that eaoh ovum or spermatozoon contains one chromosome only from each 
of the 24= pairs found m the human somatic cell In the present instance 
a gamete may contain E or e and T or t Thus four sorts of gametes will 
be formed in equal proportions (E) {T}, (E) {t}, (e) {T}, (e) {t} The normal 
partner of the person with both conditions will contribute only the normal 
genes, hence it is evident that persons with both these traits married to 
normal persons will, on the average, produce four kinds of offspring m equal 
proportions, those with elhptocytosis and telangiectasia, those with elhpto- 
cytosis only, those with telangiectasia only, and those with neither condition 
If, however, the genes are linked, only one chromosome pair is concerned 
There are two possibilities If both dominant genes are on the same chromo- 
some, the pair may be represented thus (E, T) (e, t) If crossing-over does 
not occur only two kinds of gametes can be produced, (E, T) and (e, t) 
There will be two kinds of offspring only, those with both conditions, and 
those with neither On the other hand, the dominant genes may be situated 
upon opposite members of the pair, thus (E, t) (e, T) The gametes can only 
be (E t) or (e, T) The offspring will show either elhptocytosis or telangiec- 
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and multiple telangiectasia are linked with a cross-over value of 10 per cent or 
less A summary of the argument is presented m the Table Either 11 or 12 
may have carried the gene for elliptocytosis, the chance of either possibility 
being one-half Thus the chance that it was 1 1 who earned the gene is 0 5 
If, on the other hand, it was 1 2 who earned the gene for elliptocytosis, he 
may have earned it on the same chromosome as the gene for telangiectasia 
or upon the opposite one, the chances again being equal Hence the chance 
of each of these two possibilities is 0 25 

Examining the three possibilities m turn 

1 1 1 may have earned the gene for elliptocytosis (chance 0 5) III and II 2 
themselves provide no evidence on linkage, but on this assumption they must 
carry the two genes on opposite chromosomes, received respectively from 
the two parents In the absence of crossing-over their children would display 
either one trait or the other, but not neither or both Hence III 4 is a non- 
cross-over, and IIIl, HI 2, EH 3, and HE 5 are all cross-overs HI 1 must 
now oarry both genes on the same chromosome, and so her son, IV 1, who has 
telangiectasia only, is also a cross-over On this assumption, therefore, the 
pedigree shows one non-cross-over and five cross-overs When the percentage 
of crossing-over is our assumed figure of 10 per cent or less this is a very 
unlikely result The actual chance of getting five or more cross-overs out of 
six is only 0 000,056, less than 1 in 10,000 Combining this with the chance 
of the basic assumption itself, that is 0 6, the combined chance is 0 000,028 


Table 

Hypothesis to be tested That the Genes for Elliptocytosis and Multiple 
Telangiectasia are linked with a Gross-over Value of 10 per cent or less 


Possibilities in 
Generation I 

Proba- 

bility 

Non cross- 
overs 

Cross overs 

Probability 
of observed 
or greater 
number of 
cross overs 

Combined 

proba- 

bility 

1 1 had elliptocy- 
tosis 

06 

i (m4) 

6 (mi, 2, 3, 5, 
IYl) 

0 000,055 

0 000,028 

1 2 had both gonos 
in coupling 

026 

6 (HI, 2, 
m 1, 2, 3, 5) 

2 (in4,IVl) 

0 186,895 

0 046,724 

1 2 had both gene3 
in ropulsion 

0 25 

4 (in 1,2, 3, 6) 

4 (111,2, 

mi, iv i) 

0 005,026 

0 001,256 




Total combined probability 

» 0 048,008 


2 1 2 may have earned the gene for elliptocytosis on the same chromosome 
as the gene for telangiectasia (chance 0 25) On this assumption H 1 and 
II 2 both received the chromosome bearing both genes, that is, they are non- 
cross-overs Similarly, HI 1 , HI 2, HI 3 , and EH 5 are non-cross-overs III 4 
and IV 1, who display one trait only, are cross overs The chance of getting 
two or more cross-overs out of eight when the cross-over value is 10 per cent 
or less is 0 186,895 The combined chance is therefore 
0 26 x 0 186,896 = 0 046,724 
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which is not unusual with dominant traits A person possesses and transmits 
the gene, but himself displays no outward sign of the condition It is known 
that this happens not infrequently in multiple telangiectasia, so it can safely 
be assumed that HI 4 did in fact carry the gene, as indicated in the Figure 
The son is not shown, as he furnishes no evidence regarding linkage 

1 1, 1 2, and II 1 were dead at the time of the investigation, though there 
is presumptive evidence that 1 2 and II 1 suffered from telangieotasia In 
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view of the transmission of elliptocytosis in both lines of the pedigree it can 
further be deduced that H 1 suffered from elhptooytosis also There is no 
means of telling whether it was 1 1 or 1 2 who bore the gene for elliptocytosis 2 
One further possibility must be considered Does elliptocytosis sometimes 
skip a generation ? If so, is it not possible that III 4 or IV 1 might carry 
the gene, although it is not manifested? The literature provides an answer 
In the most considerable group of families, that reported by Wyandt, Ban- 
croft, and Winship (1941), whenever both parents of affected persons were 
examined, one or the other proved to be similarly affected This provides no 
fewer than 63 instances of uncomplicated transmission with no example of 
the skipping of a generation In their review of the literature these authors 
could discover only one example of an affected person with two normal 
parents This case was reported by Bernhardt (1928) An affeoted child had 
normal parents and siblings and was apparently a sporadic ease, possibly due 
to mutation I have not found any other example We can be confident, 
therefore, that for elhptooytosis to skip a generation is exceedingly rare 
We can now calculate the odds against the hypothesis that elhptooytosis 

. The chance 0 £ mutation has not been considered m the calculations , it is exceedingly 
unlikely to aflect more than one individual in, say, 80,000 
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record as full a description as possible It may easily happen that a single 
small pedigree may be decisive in regard to whether or not there is close or 
moderate linkage between the genes, thus making possible a solid contribution 
to the task of mapping the human ohromosomes, and, if the chance is missed, 
so rare an opportunity may not recur for centuries 
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3 1 2 may have carried the gene for elhptocytosis on the opposite chromo- 
some to that bearing the gene for telangiectasia (chance 0 25) On this 
assumption II I and II 2 are both cross-overs, the genes having come together 
in the one chromosome received from their father The genes are now in the 
same chromosome, hence nil, IH2, III 3, and III 5 are non-oross-overs, 
UI4 is a cross-over, similarly IV I is a cross-over The chance of gettmg 
four cross-overs or more out of eight when the cross-over value is 10 per 
cent or less is 0 005,025, and the combined chance is 0 001,256 

Adding together these three probabilities the total probability is 
0 000,028 + 0 046,724 + 0 001,256 = 0 048,008 
Therefore the odds are 20 to 1 against the hypothesis that the genes are 
situated so closely upon the same chromosome pair that the oross-over value 
is 10 per cent or less The odds against the hypothesis of a cross-over value 
of five per cent or less are 68 to 1 It will be seen, therefore, that small 
though this pedigree is, and in spite of the uncertainty respecting the first 
generation, it provides good evidence against linkage close enough to corre- 
spond to a cross-over value of 10 per cent or less, and strong evidenoe 
against linkage close enough to correspond to a cross-over value of five per 
cent or less 

It will be further appreciated that had a few additional particulars been 
available, and had there been a few more individuals in the family group, 
good evidence might have been provided as to the existence of much looser 
linkage Those who are fortunate enough to observe two rare dominants 
simultaneously may quite frequently find themselves able to settle once and 
for all whether the genes are or are not closely or moderately linked, and this, 
it may be, with only a small family group available for study 

Summary 

1 The term genetic linkage frequently proves misleading It is often 
supposed that when two genes are linked they tend to stick together in 
hereditary transmission What is actually observed is that, instead of the 
random distribution seen when the genes are situated on different chromo- 
some pairs, they either tend to stick together unduly often, or, just as 
frequently, tend to separate unduly often 

2 The consequences of genetic linkage are explained for the case of two 
rare dominant traits 

3 An examination is made of a pedigree recently recorded by Penfold 
and Lipscomb, m which eUiptocytosis and multiple telangiectasia occurred 
together in the same family group The pedigree is a very small one, but it 
nevertheless provides strong evidence against very close linkage (a cross-over 
value of five per cent or less) and good evidence against somewhat looser 
linkage (a cross-over value of 10 per cent or less) 

4 Observers who encounter the simultaneous occurrence of two inherited 
conditions m the same family group should on no aocount omit to place on 
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Introduction 

Jatjndioe in the course of or after the administration of orgamo arsemcals 
for the treatment of syphilis is a subjeot which has recently received much 
attention owing to a very great increase during the war years The reasons 
for the increase m incidence are unknown, but an examination of the litera- 
ture, which indicated that a dietary deficiency might be a predisposing factor, 
led early m 1943 to an investigation of the value of the administration of 
sulphur-contammg ammo-acids m the treatment of this condition It will 
be well to review the salient points in the evidence relating to the patho- 
genesis of the condition and briefly to summarize the theoretical considera- 
tions on which the present investigation rests 

Aetiology In the past there have been three mam theories as to causation 

1 Active syphilitic infection is a well recognized cause of liver damage, 
and Milian (1920) has supported the view that it is the cause of post- 
arsphenamme jaundice, m fact that hepatitis results from progression of 
syphilis m spite of treatment, or through under-treatment It is clear from 
the evidence presented in the Medical Research Council Special Report 
No 00 (1922) that this can only occasionally be regarded as the direct 
causative factor 

2 The second theory is that jaundice is due to an mtercurrent infectious 
disease of the nature of or similar to infective hepatitis in patients whose 
susceptibility is possibly moreased by the added toxic effects of syphilis and 
arsenic In 1920 Stokes, Ruedemann, and Lemon presented a detailed 
account of 70 cases of jaundice m patients receiving anti-syphihtic treatment 

1 Received October 24, 1944 
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dysfunction, and, secondly, the fact that outbreaks of ‘post-arsphenamme’ 
]aundice have in the past tended‘to he localized m time and space, again 
suggesting the inclusion of some infective' agent in the process Thirdly, 
many patients have been treated with arsemcals throughout the course of 
their attacks of jaundice without ill eSeots , and finally, almost all patients 
are able to take arsenic after recovery without evidence of recurrent liver 
damage 

Arsenic and thiol groups In so far as one possible line of attack is to 
attempt to prevent or undo any toxic effect that the arsenical may have 
exerted on the liver it is desirable briefly to review the established facts 
concerning the nature of the toxio action of arsenic on living cells Arsenic 
has often been described as a * general protoplasmic poison’ Recent work, 
however, has made it abundantly clear that it is, in fact, highly specific in 
its biochemical actions, at least so far as its effects m low concentrations 
on the enzyme Bystems of living cells are concerned Onaka (1910) first 
showed that the respiration of animal tissues is inhibited by the presence of 
small concentrations of arsemte This work was confirmed and extended to 
therapeutic compounds of arsenic by Dresel (1926, 1928), Szent-Gyorgyi 
(1930), Voegtlin, Rosenthal, and Johnson (1931), Krebs (1933), and Crasnaru 
and Gavnlescu (1936) More recently it has been shown by a number of 
workers that it is only at certain specific points m the chain of enzymatic 
reactions responsible for the respiratory processes of cells that arsenical 
compounds exert their toxic effects Present evidence (Peters, 1937) leads us 
to believe that the pyruvate oxidase system, an essential component of the 
cellular mechanism for the metabolism of carbohydrates, is prominent among 
the arsemc-sensitive enzymes 

In the hope of arriving at a rational treatment of arsenical intoxication, 
however, it is necessary to go farther and consider the facts and views 
regarding the particular chemical grouping with whioh arsenic combines 
under physiological conditions As early as 1909 Ehrlioh had suggested that 
the ‘ ohemoreceptors ’ for arsenic in the tissues might be hydroxyl or thiol 
groups, and m 1923 reaction with essential thiol groups in the cells was 
again put forward by Voegtlin, Dyer, and Leonard as the underlying 
mechanism of its toxic action In support of this view these workers stated 
that the trypanocidal action of 3-ammo-4-hydroxyphenylarsomous oxide 
could be abolished by the addition to the trypanosome suspension of cysteine, 
reduced glutathione, or other simple thiol In 1928 Walker reported experi- 
ments which had been done m association with one of us (R A P ) some years 
previously and at the same time as Voegtlin, Dyer, and Leonard (1923), m 
which similar conclusions were reached by a different route Later Voegtbn, 
Dyer, and Leonard (1926) showed that the toxic action of ‘arsenoxide’ m 
rats could ho diminished or prevented by the intravenous injection of 
glutathione immediately before the administration of the arsenical More 
recently this work has been extended by Eagle (1939) who has shown that 
glutathione, and to a lesser extent cysteine, is also capable of abolishing the 
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at the Mayo Clinic Only six of these cases occurred during the first two of 
the four years covered by the study , the remaining 64 occurred between 
August 1918 and July 1920 It was concluded from this study that while 
several distinct types of jaundice were probably included m the senes, the 
great majority of cases were not ascribable directly to the effects either of 
syphilis or of the anti-syphihtic treatment The symptomatology and seasonal 
incidence of the cases led, in fact, to the view that the exciting cause was 
probably an infective agent, although the authors did not exclude the 
possibility that the administration of arsphenamme may have been a pre- 
disposing cause In 1922 the Salvarsan Committee of the Medical Research 
Council (Special Report No 66) concluded that it is ‘ probable that many of 
the ill effects of salvarsan may be attnbuted directly to its arsemoal content, 
and that others again, in particular the effects on the liver, and possibly 
those on the bone marrow, are due to the chemical nature of the whole com- 
pound with the possibility that this type of poisonous aotion is dependent 
for its occurrence on the presence of adjuvant circumstances, of a nature as 
yet unknown’ 

With a view to obtaining evidence m favour of the hypothesis that the 
administration of an arsenical compound might so alter hepatic function as 
to predispose the organism to the development of intercurrent mfeotions, 
Findlay, Dunlop, and Brown (1931) reported some experiments consistent 
with the idea that the toxic action of neoarsphenamme could be' increased by 
the additional injection of a feebly pathogenic micro-organism (a suspension 
of B coh in sahne) Quite recently, the possibility that infection may be 
transmitted from patient to patient by means of syringes imperfectly sterilized 
between injections has been suggested by MaoCallum (1943) and others 
Bigger (1943) showed that the technique employed m many climes for venereal 
diseases cannot be relied upon to prevent the transference of an infective 
agent The recent work of Salaman, King, Williams, and Nicol (1944), who 
showed that the moidenoe of post-arsphenamme jaundice could be greatly 
reduced by careful attention to technique m the preparation of needles, 
syringes, and drugs, gives strong support to this view 

3 It is clear that although infection has long been regarded as a probable 
factor in the aetiology of many cases of post-arsphenamme jaundice, the 
arsemcals themselves have never been exonerated, at least as predisposing 
faotors It has been shown repeatedly by a number of workers (Foulerton, 
1920, 1921, Hooper, Rolls, and Wright, 1921, Kolmer and Lucke, 1921, 
Messmger and Hawkins, 1940) that the administration of a wide range of 
different arsenical compounds (including arsemous oxide, diphenylchlorarsme, 
arsphenamme, and neoarsphenamme) to experimental animals can produce 
damage and necrosis of the liver cells in the absence of any coincident 
spirochaetal or other infection In man, on the other hand, certain diffi- 
culties arise m accepting a purely chemical basis for the pathogenesis of the 
condition First, the long interval that frequently elapses between the end 
of arsenical treatment and the onset of signs and symptoms of liver 
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Though the administration of oysteine or methionine inight theoretically 
be beneficial by virtue of the SH group of cysteine or that derived from the 
CH 3 S group of methionine combining with and removing arsenic from the 
liver, it must not be forgotten that an entirely different mode of action may 
be concerned, inasmuch as these acids may act by providing SH groups, 
attached to the appropriate ammo-acid residue, for re-synthesis of essential 
SH proteins previously inactivated either by arsenic or by some non-arsemcal 
infective agent 

Inter-rdationship of methionine, cysteine, and, choline The interpretation 
of any effect observed with methionine is of course complicated by the other 
role exerted by this ammo-acid in the prevention of certain fatty livers of 
dietary origin From a therapeutic pomt of view there is a theoretical advan- 
tage m using methionine, because it serves at least three purposes in the body 
It is itself a constituent of proteins It is known to be a precursor of cystine 
in the body, for animals will form sufficient cystine for growth when given 
methionine as the sole source of sulphur m the diet (Womack, Kemmerer, and 
Rose, 1937) Finally, methionine has been shown to act as a methylating 
agent (du Vigneaud, Cohn, Chandler, Schenok, and Simmonds, 1941) m 
the sense that it can be substituted for choline, m the rat 10 mg of methio- 
nine have been shown to be equivalent to 2 mg of choline (Channon, Mani- 
fold, and Platt, 1940) There is evidence in the literature that giving 
cystine without extra choline is dangerous both to the liver and the kidney 
in some animals The pioneer work of Best and his colleagues (see Best and 
Lucas, 1943) showed that choline m the diet will control the formation of 
excessive fat in the livers of rats , it is also known that proteins can exert 
this action, particularly from the investigations of Channon and his colleagues 
(see review by McHenry and Patterson, 1944) Proteins vary m their 
effectiveness m this respect, their action seems to be mainly due to the 
opposing effects of cystine which mcreases and of methionine which decreases 
liver fat (Tucker and Eokstem, 1937) Definition is given to the problem by 
stating that as little as 4 mg of cystine added to the daily diet of a rat can 
profoundly influence fat deposition 

In the case of the kidney there has long been evidenoe that cystine feeding 
may be dangerous, Curtis and Newburgh (1927), especially, demonstrated 
conditions under which additions of 0 5 per cent of cystine to the diet of 
the rat were harmful More recently Griffith and his colleagues (Griffith and 
Wade, 1939, 1941) found that whereas cystine added to the diet would produce 
haemorrhagic lesions m rat kidneys, the lesions could be controlled either by 
addition of choline (2 mg daily) to the cystine or by substitution of methio- 
nine The lesions occurred even on diets not containing abnormal amounts 
of fat It was a curious feature both of the kidney experiments and of those 
of Channon, Manifold, and Platt (1940) upon the liver that increase of 
cystine beyond a certain level did not necessarily increase the severity 
of the lesions Another aspect of this subject was raised by Gyorgy and 
Goldblatt (1939, 1942), who found that a cirrhosis of dietary origin, with 
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anti-spirochaetal action of ‘arsenoxide’ %n vwo It must be pomted out, 
however, that the protection afforded by Ifcese simple thiols was only partial, 
a large excess of the thiol was required to protect, while reversal of the 
effects of the arsenical has been even more difficult to achieve Thus Schmitt 
and Skow (1935) studied the ability of certain simple thiols to protect or 
reverse the toxic action of arsemte on the medullated nerves of frogs, they 
found that while oysteine and reduced glutathione delayed the extinction of 
the nerve action potential produced by arsemte, m no case were they able 
to prevent the eventual extinction, regardless of the ratio SH As Nor was 
it possible by the addition of these compounds to produce any recovery once 
the action potential had been abolished by arsemte 
With regard to the more specific question of hepatitis, Messmger and 
Hawkins (1940) have recently shown that a high-protein diet can prevent 
bilirubinaemta and liver damage in dogs after weekly intravenous injection 
of Mapharsen (3-ainmo-4-hydroxyphenylarsenoxide hydroohlonde), a high 
fat diet, on the other hand, appears to increase the degree of liver damage 
High-protein diets have also been shown to be effective m protection against 
other types of chemical hepatitis As early as 1919 Davis and Whipple 
showed that skimmed milk or commercial casein was of value m protecting 
against liver injury by chloroform. More recently, Miller, Ross, and Whipple 
(1940) and Miller and Whipple (1942) have demonstrated that methionine, 
and to a lesser extent, cysteine and cystine, also protect , the non-sulphur- 
containing amino-acids confer no protection, and large doses of choline given 
before the period of chloroform anaesthesia also fad to prevent liver damage 
They suggested that methionine, cyBteine, and cystine act by supplying SH 
radicles for the formation with chloroform of non-toxic mercaptunc acids 

In view of the work discussed above, relating the detoxication of arsenical 
compounds to SH groups, it is possible that the protective action of protein 
noted by Messmger and Hawkins (1940) is also in reality due to the content 
of sulphur-containing ammo-acids In this connexion it is of interest to 
recall that as early as 1916 Westrope had claimed that a milk diet, the 
casein of which is now known to be rich in methionine, given 24 hours prior 
to the administration of arsphenamme, reduced the immediate toxic effeots 
of the drug 

It was therefore decided to study the effeot of the oral administration of 
certam Bulphur-contaimng amino-acids on the course of post-arsphenanune 
jaundice, and both oysteme and methionine have been used for this purpose 
Cystine has not been employed owing to its insoluble nature and to tbe 
fact that SH groups would have to be formed inside the body from it, / 
a transformation which might not be working optimally in an already 
damaged liver, the effect of cystine on arsphenamme liver injury in dogs 
has indeed already been shortly reported on by Craven (1931) In the doses 
given it was found to be without protective aotion, it must, however, be 
pomted out that it was apparently given only to dogs kept previously on 
a high carbohydrate diet 
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Though the administration of cysteine or methionine inight theoretically 
be beneficial by virtue of the SH group of cysteme or that derived from the 
CH 3 S group of methionine combining with and removing arsenic from the 
hver, it must not be forgotten that an entirely different mode of action may 
be concerned, inasmuch as these acids may act by providing SH groups, 
attached to the appropriate amino-acid residue, for re-synthesis of essential 
SH proteins previously inactivated either by arsenio or by some non-arsemcal 
infective agent 

Inter-relationship of methionine, cysteine, and choline The interpretation 
of any effect observed with methionine is of course complicated by the other 
role exerted by this ammo-acid in the prevention of certain fatty livers of 
dietary origin From a therapeutic pomt of view there is a theoretical advan- 
tage in using methionine, because it serves at least three purposes m the body 
It is itself a constituent of proteins It is known to be a precursor of cystine 
in the body, for animals will form sufficient cystine for growth when given 
methionine as the sole source of sulphur m the diet (Womack, Kemmerer, and 
Rose, 1937) Finally, methionine has been shown to act as a methylating 
agent (du Vigneaud, Cohn, Chandler, Sohenck, and Simmonds, 1941) in 
the sense that it can be substituted for choline, in the rat 10 mg of methio- 
nine have been shown to be equivalent to 2 mg of chobne (Channon, Mam- 
fold, and Platt, 1940) There is evidence in the literature that giving 
cystine without extra chobne is dangerous both to the hver and the kidney 
m some animals The pioneer work of Best and hiB colleagues (see Best and 
Lucas, 1943) showed that choline m the diet will control the formation of 
excessive fat in the livers of rats , it is also known that proteins can exert 
this action, particularly from the investigations of Channon and his colleagues 
(see review by McHenry and Patterson, 1944) Proteins vary m their 
effectiveness in this respect, their action seems to be mainly due to the 
opposmg effects of cystine which increases and of methionine which decreases 
hver fat (Tucker and Eckstein, 1937) Definition is given to the problem by 
stating that as httle as 4 mg of cystine added to the daily diet of a rat can 
profoundly influence fat deposition 

In the case of the kidney there has long been evidence that cystine feeding 
may be dangerous, Curtis and Newburgh (1927), especially, demonstrated 
conditions under which additions of 0 6 per cent of cystme to the diet of 
the rat were harmful More recently Griffith and his colleagues (Griffith and 
Wade, 1939, 1941) found that whereas cystme added to the diet would produce 
haemorrhagic lesions m rat kidneys, the lesions could be controlled either by 
addition of chobne (2 mg daily) to the cystine or by substitution of methio- 
nine The lesions occurred even on diets not containing abnormal amounts 
of fat It was a curious feature both of the kidney experiments and of those 
of Channon, Manifold, and Platt (1940) upon the hver that increase of 
cystme beyond a certain level did not necessarily increase the seventy 
of the lesions Another aspect of this subject was raised by Gyorgy and 
Goldblatt (1939, 1942), who found that a cirrhosis of dietary origm, with 
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anti-spirochaetal action of ‘arsenoxide’ in vivo It must be pointed out, 
however, that the protection afforded by these simple thiols was only partial , 
a large excess of the thiol was required to protect, while reversal of the 
effects of the arsenical has been even more difficult to achieve Thus Schmitt 
and Skow (1935) studied the ability of certain simple thiols to protect or 
reverse the toxic action of arsenite on the medullated nerves of frogs, they 
found that while cysteine and reduced glutathione delayed the extmction of 
the nerve notion potential produced by arsemte, in no case were they able 
to prevent the eventual extraction, regardless of the ratio SH As Nor was 
it possible by the addition of these compounds to produce any recovery once 
the action potential had been abolished by arsenite 

With regard to the more specific question of hepatitis, Messmger and 
Hawkins (1940) have recently shown that a high-protein diet can prevent 
bilirubtnaemia and liver damage in dogs after weekly intravenous injection 
of Mapharsen (3-amrao-4-hydroxyphenylaraenoxide hydroohlonde), a high 
fat diet, on the other hand, appears to increase the degree of liver damage 
High-protera diets have also been shown to bo effective in protection against 
other types of chemical hepatitis As early as 1919 Davis and Whipple 
showed that skimmed milk or commercial casein was of value in protecting 
against liver injury by chloroform More recently. Miller, Ross, and Whipple 
(1940) and Miller and Whipple (1942) have demonstrated that methionine, 
and to a lesser extent, cysteine and cystine, also protect , the non-sulphur- 
contaming ammo-acids confer no protection, and large doses of choline given 
before the period of chloroform anaesthesia also fail to prevent liver damage 
They suggested that methiomne, cysteine, and cystine act by supplying SH 
radicles for the formation with chloroform of non-toxic meroapturic acids 

In view of the work disoussed above, relating the detoxication of arsemoal 
compounds to SH groups, it is possible that the protective notion of protein 
noted by Messmger and Hawkins (1940) is also in reality due to the content 
of sulphur-containing amino-acids In this connexion it is of interest to 
recall that as early as 1916 Westrope had claimed that a milk diet, the 
casein of which is now known to be rich in methiomne, given 24 hours prior 
to the administration of arsphen amine, reduced the immediate toxic effects 
of the drug 

It was therefore decided to study the effect of the oral administration of 
certain sulphur-contaming ammo-acids on the course of post-arsphenamine 
jaundice, and both cysteine and methiomne have been used for this purpose 
Cystine has not been employed owing to its insoluble nature and to the 
fact that SH groups would have to be formed inside the body from it, 
a transformation which might not be working optimally in an already 
damaged liver, the effect of cystine on arsphenamrae liver injury in dogs 
has indeed already been shortly reported on by Craven (1931) In the doses 
given it was found to be without protective action, it must, however, be 
pointed out that it was apparently given only to dogs kept previously on 
a high carbohydrate diet 
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Though, the a dminis tration of cysteine or methionine might theoretically 
he beneficial by virtue of the SH group of cysteine or that derived from the 
CH 3 S group of methionine combining with and removing arsenic from the 
liver, it must not be forgotten that an entirely different mode of action may 
be concerned, inasmuch as these acids may act by providing SH groups, 
attached to the appropriate ammo-acid residue, for re-synthesis of essential 
SH proteins previously inactivated either by arsenic or by some non-arsemcal 
infective agent 

Inter-relationship of methionine, cysteine, and choline The interpretation 
of any effect observed with methionine is of course complicated by the other 
role exerted by this ammo -acid in the prevention of certain fatty livers of 
dietary origin Erom a therapeutic point of view there is a theoretical advan- 
tage m using methionine, because it serves at least three purposes m the body 
It is itself a constituent of proteins It is known to be a precursor of oystme 
m the body, for animals will form sufficient cystine for growth when given 
methionine as the sole source of sulphur in the diet (Womack, Kemmerer, and 
Rose, 1937) Finally, methionine has been shown to act as a methylatmg 
agent (du Vigneaud, Cohn, Chandler, Schenok, and Simmonds, 1941) m 
the sense that it can he substituted for choline, in the rat 10 mg of methio- 
nine have been shown to be equivalent to 2 mg of choline (Channon, Mam- 
fold, and Platt, 1940) There is evidence m the literature that giving 
cystine without extra choline is dangerous both to the liver and the kidney 
m some animals The pioneer work of Best and hiB colleagues (see Best and 
Lucas, 1943) showed that cholme m the diet will control the formation of 
excessive fat in the livers of rats , it is also known that proteins can exert 
this aotion, particularly from the investigations of Channon and his colleagues 
(see review by McHenry and Patterson, 1944) Proteins vary in their 
effectiveness in this respect, their action seems to be mainly due to the 
opposing effects of cystine which increases and of methionine which decreases 
liver fat (Tucker and Eckstein, 1937) Definition is given to the problem by 
stating that as little as 4 mg of cystme added to the daily diet of a rat can 
profoundly influence fat deposition 

In the case of the kidney there has long been evidence that cystine feeding 
may be dangerous, Curtis and Newburgh (1927), especially, demonstrated 
conditions under which additions of 0 5 per cent of cystme to the diet of 
the rat were harmful More recently Griffith and his colleagues (Griffith and 
Wade, 1939, 1941) found that whereas cystme added to the diet would produce 
haemorrhagic lesions m rat kidneys, the lesions could be controlled either by 
addition of choline (2 mg daily) to the oystme or by substitution of methio- 
nine The lesions occurred even on diets not containing abnormal amounts 
of fat It was a ourious feature both of the kidney experiments and of those 
of Channon, Manifold, and Platt (1940) upon the liver that increase of 
cystme beyond a certain level did not necessarily increase the severity 
of the lesions Another aspect of this subject was raised by Gyorgy and 
Goldblatt (1939, 1942), who found that a cirrhosis of dietary origin, with 
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acute diffuse neorosis, was inoreased by cystine and diminished by choline 
quite reoontly Himsworth and Glynn (1 944) have stressed the importance 
of methionine in the prevention of liver damage 
From this brief account it seems clear that methionine is a sulphur-con- 
tammg ammo-acid likely to be of special value, whereas there may be 
objections to cystine If the latter is largely reduced to cysteine in the 
body, the samo theoretical objection would apply to cysteine, against this, 
however, it must bo mentioned that Putnam and Hoefer (1939) gave up to 
5 gm of cysteine daily to men for periods varying from six months to over 
two years without obvious harmful results 


Experimental Details 

The effects of three different dietary supplements have been studied 

1 The oral administration of cysteine ester hydrochloride, prepared from 
naturally occurring cystine extracted from human hair This was given for 
seven days in two daily I gm doses, taken with half a glass of water half 
an hour before the morning and evening meals In the first few cases cysteine 
hydrochloride togother with 300 to 400 mg of sodium bicarbonate was used 
instead 

2 The daily administration of 60 gm of casein, made up m bisouits, for 
seven days The biscuits wore prepared as follows 566 gm of casein (Glaxo, 
alcohol-extracted ashless) and 283 gm of margarine were rubbed into a fine 
mixturo (as for pastry) , 265 gm of Lyle’s Golden Syrup were then added 
and the whole knoaded until it became a firm dough The dough was rolled 
out and small biscuits (diameter If in , thiokness about § in ) were cut The 
biscuits were baked in a moderate oven for about 16 mm , when cooked 
they varied in colour from pale biscuit to brown Ten biscuits contained 
66 to 60 gm of casein 

3 The oral administration of di-methionine 

Preparation of dl-methionine Methionine has a very low solubility in water 
and is not conveniently taken in solid form, either as a powder or in capsules 
It was accordingly made up with addition of dilute hydroclilono aoid in the 
proportion of 10 gm of crystalline methionine to 141 5 a a of water con- 
taining 2 -8 c c of concentrated hydrochloric acid , the ammo-acid was usually 
dissolved by warming This solution contained 2 gm of methionine per fluid 
oz For administration an appropriate amount was diluted with about three 
volumes of water and sufficient sodium bicarbonate (5 gr to half an ounce 
of the concentrated solution) added for neutralization The methionine will 
remain m solution sufficiently long if the dose is taken without unreasonable 
delay 

From the start of the experiment it was realized that mild cases of jaun- 
dice, with their usually rapid rate of recovery, were unsatisfactory subjects 
for an adequate trial of the value of treatment It was deoided therefore 
to treat only the more severe cases with the ammo-acids Throughout the 
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trial treated patients (that is, those receiving the dietary supplements) alter- 
nated with controls, and at no stage m the work has a series of fresh cases 
been put on treatment without simultaneous observation of new controls 
From May to August 1943 cysteine (as the hydroohlonde of ester hydro- 
chloride) was given to the treated patients, while from August to October 
1943 patients were treated in rotation with either cysteine or casein (in the 
doses described above), or were used as controls Methionine, prepared for 
administration as already described, was given to a first series from November 
to December 1943 in three doses of 2 fluid drachms and one of 4 fluid 
drachms daily, that is a total of 2 5 gm of methionine daily for seven days, 
and to a second senes from January to March 1944 m doses evenly spread 
throughout the day totalling 5 gm daily for five days, followed by half that 
amount for a further five days The majority of the patients had received 
neoarsphenamme, but a few, particularly towards the later stages of the 
investigation, had been treated with Mapharside In most of -the cases the 
jaundice developed round about the fourteenth week after the first intravenous 
arsenical On commencement of hepatic symptoms treatment with arsenic 
and bismuth was stopped , bismuth was resumed as Boon as recovery was 
manifest All the patients were kept in bed until the serum-bilirubin level had 
fallen to below 5 mg per 100 o o and were not allowed up fully until it fell 
below 2 5 mg per 100 o o The routme ‘fat-free’ diet, somewhat unimagina- 
tive because of the limitations of war-time, and varying slightly from season 
to season, consisted in the mam of lean meat or boiled fish once a day, 
a little skimmed milk, cheese, bread and jam without butter, vegetables, and 
tmned fruit A normal diet was resumed when the icterus had almost 
disappeared and the patient was olinically well Apart from the restriction 
of diet the only treatment given was the cysteine, casein, or methionine m 
the experimental cases Usually transfer to a Convalescent Depot for rehabi- 
litation for three to four weeks was then arranged, and at the end of this 
period the patients were seen by us agam before return to duty If relapses 
took place during this time the patients were referred back to hospital 


Glxntcal Details 

The clinical picture of jaundice occurring during arsenotherapy is a 
familiar one Stokes, Ruedemann, and Lemon (1920) gave a full and admir- 
able description which would apply equally well to our senes The peak of 
incidence of jaundice was between 90 and 110 days after the first intravenous 
arsenical , 50 per cent of the cases had occurred by the 120th day and 80 
per cent by the 180th day , the remaining 20 per cent were spread over 
penods up to 14 months 

Vague complaints of feeling unwell or of stiffness in the joints may precede 
clinical icterus by as long as six weeks , dunng this time while there is no 
rise m the serum-bilirubin, excess of urobilinogen may be demonstrated in 
the urine by a positive Ehrlich’s aldehj de test In most oases the prodromal 
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period lasts about seven days There may be any combination of the fol- 
lowing symptoms lassitude, pam in the joints (particularly m the shoulders), 
nausea, vomiting, anorexia, epigastric pam, flatulence, and coryza Diar- 
rhoea was unusual In a few cases transient skm rashes were seen, erythema- 
tous, urticarial, or purpuric in nature It was difficult to decide whether 
these eruptions resulted from sensitivity to arsemo or were signs of metaboho 
disturbance, but we formed the opinion that the -second possibihty was the 
more likely and that the resumption of arsenic in small increasing doses after 
an interval of three to four months was justifiable Unfortunately none of 
the patients returned to our care at this time to enable this theory to be put 
into practice A surprising number of patients were symptomless both before 
and after the onset of jaundice 

The establishment of clinical jaundice often marked the end of subjective 
symptoms, even although the colour might continue to deepen for some days 
Confinement to bed after the first few days was very reluctantly accepted by 
many patients A febnle reaction was not uncommon m the patients who 
reached us early in tho disease Enlargement of the liver was usual m the 
moderate or severe cases The spleen was palpable m 31 of the 150 cases m 
Group A, but m none of theso cases was the enlargement considerable An 
initially palpable spleen was invariably associated with some degree of fever 
In some cases, oven after otherwise apparent clinical oure, some degree of 
splenio enlargement persisted There appeared to be no relationship between 
enlargement of the spleen and enlargement of the liver or seventy of the 
jaundice Two patients had general enlargement of the lymph nodes with 
negative Paul-Bunnell tests Ascites was found m five of our patients 
Recovery was prompt m four, but the fifth had progressive liver enlargement 
over a long period of time and was discharged from the service as a case of 
cirrhosis Three patients developed a mild peripheral nouritis (Lesoher, 
1944) Two patients developed severe zona during the course of the jaundice 
Tho incidence of jaundice has been so high in patients receiving arseno- 
thorapy that it is not possible to discover any relationship between jaundice 
and the frank arsenical dermatitis whioh occurred in a few of our patients, 
usually some weeks before the onset of jaundice Several cases of jaundice 
arising m the first three weeks of arsenotherapy were seen , these have not 
been mcluded m the present assessment The aetiology in this type of case 
appears to be different, being associated with the sensitivity phenomena of 
< the ninth day ’ originally described by Mikan (1920) and fully discussed by 
Peters (1941) The pathological findings m this type of jaundice have been 
described by Gutman and Hanger (1941) 

Exacerbation and relapse The course of recovery was in most cases smooth 
and uneventful, but was interrupted in 25 of the 150 cases in Group A and 
m five of Group B by an exacerbation of the disease This was accompanied 
by the familiar prodromal symptoms, with one marked difference, namely, 
that a sharp attack of diarrhoea was a common feature Naked eye examina- 
tion of the urine showed the reappearance or increase of bile with a coincident 
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nse m the serum-bilirubin, followed in 24 hours by deepening jaundice The 
tune of onset of these exacerbations was variable, occurring from the sixteenth 
to the fiftieth day after the original attack, and being in half the cases 
between the twentieth and thirtieth day Exacerbations occurred at all 
stages of the disease, early and late, and when recovery was almost complete 
It was not possible to predict which patients were likely to suffer from, nor 
to discover any cause of, the exacerbations As far as is known, none of these 
patients relapsed after discharge from hospital It is difficult to draw a 
distinguishing line between exacerbation occurring during the course of the 
disease and relapse after an interval of apparent well-being We have 
arbitrarily defined relapse as a recurrence of symptoms and signs after dis- 
charge from hospital, and confined the term exaoerbation to the cases 
described above 

The causes of exacerbation and relapse are not understood Further 
attacks of jaundice m patients receiving anti-syphihtio treatment are not un- 
common, and may occur within a few weeks of apparent recovery or after 
many months Where treatment with arsenic is resumed and is promptly 
followed by jaundice, it is tempting to assume that the liver damage in the 
original attack was such that no further arsenic could be tolerated But 
arsenic cannot be the precipitating factor in those patients m whom relapse 
occurs at varying intervals without the resumption of arsenotherapy It may 
be that the inability of a liver which has been damaged or has not com- 
pletely recovered from an attack of jaundice to tolerate alcohol or other 
foods, particularly those of a fatty nature, may, like arsenic, precipitate 
relapse 

It has been suggested by some workers that super-infection with the virus 
of infective hepatitis may be the cause of relapse Marshall (1944) stated at 
a meeting of the Royal Sooiety of Medicine that m his experience relapses 
occurred after an interval of about 30 days only when the patients had been 
treated in wards where cases of infective hepatitis were to be found This 
theory has been recently amplified by Beattie and Marshall (1944) whose 
views may be summarized as follows 

1 An attack of infective hepatitis confers complete immunity On the 
other hand, Witts (1944) states that recurrence of jaundice will appear in 
about two per cent of the cases Hartfall (1944) states that the occurrence 
of relapse of this condition is within his experience 

2 By analogy it might be expected that an attack of post-arsphenamme 
jaundice would confer similar immunity 

3 Relapses which occurred in their series were explained mostly on the 
grounds of a subsequent infection with infective hepatitis 

We consider that our evidence does not support these views for the fol- 
lowing reasons It is not uncommon for more than one relapse to occur in 
the same patient This was the cose in five patients m our senes There 
was no evidence that any patients who relapsed under our care were contacts 
of cases of infective hepatitis It may be added that one of our patients 
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who suffered from post-arsphenamine jaundice, and subsequently relapsed, 
gave a history of an attack of ‘catarrhal jaundioe’ 10 years before, at the 
ago of 14 years 

Results 

In all, 4G8 cases of jaundice occurring during arsenotherapy for syphilis 
have been studied As already pointed out, it was decided to give amino- 
acids to the more severe cases on]}' The series has, therefore, been divided 
into two groups (Table I) 

Group A, comprising all cases having serum-bihrubin values of over 8 mg 
per 100 c c at any time during the disease 

Grouj i B, tho remainder, comprising the less severe cases 
A number of the cases m Group A came under observation late m the 
course of tho disease It was docided, therefore, to draw an arbitrary line, 
and to raoludo in the analysis only those cases which had been jaundiced for 

Table I 

Number of Cases studied 


• 

Group A 

Group B 

Group A rejects 

Controls (1st series) 

17 

23 

2 

„ (2nd Berios) 

40 

225 

0 

Cysteine (1st sorios) 

10 

C 

8 

„ (2nd series) 

20 

15 

3 

Mothionino (2 5 gm ) 

11 

4 

7 

.. (6 gm ) 

22 

1 

4 

Casoin 

10 

7 

4 

Total 

Group A 

150 


ft 

Group B 

281 


tf 

Group A rejects 37 

408 



Table II 


Controls 

Cysteine 

Methionine 

Casein 


Summary of Results obtained in all Group A Cases 


Number 

Number of days from start of jaundice to time when serum- 
bilirubin foil to bolow 4 mg per 100 c c with no subsequent 

of cases 

exacorbation 

67 

25 7 

41 

21 3 

33 

19 7 

10 

32 9 


Controls 

Cysteine 

Methionine 

Casein 


Percentage number of oases in -winch serum bili- 
rubin foil to below 4 mg per 100 co with no 
subsequent exaoorbation, in the following number 
of days, calculated from the onset of jaundice 


Less than 

14 to 20 

21 to 27 

\ 

More than 

Percentage down in 

14 days 

days 

days 

27 days 

under three weeks 

10 5 

24 6 

29 6 

38 5 

35 

12 

51 

12 

24 5 

63 6 

21 

45 6 

21 

12 

66 5 

10 5 

26 

10 5 

62 

36 5 
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Table HI 

Analysis of Group A Gases 


Mean Values for Group A Cases, that is, all cases having serum-bilirubm values 
of over 8 mg per 100 c c at any tune daring the disease 



Humber 


S 

SB t to less 

Ji to less 

r 

of cases 

Ji-SB s 

Ji-T> 

than 4 

than 4 

Control (1st senes) 

17 

65 

— 

20 8 

27 2 

„ (2nd senes) 

40 

4 7 

— 

20 4 

262 

Cysteine (1st senes) 

15 

5 5 

93 

15 0 

20 4 

„ (2nd senes) 

26 

46 

69 

17 2 

21 8 

Methionine (2 6 gm,) 

11 

6 6 

98 

14 0 

20 6 

(6 gm ) 

22 

45 

86 

14 7 

19 2 

Casein 

19 

56 

90 

27 2 

32 9 


Number of cases m which the serum -bdinibm level 



fell to below 4 mg per 100 cc with no 

subsequent 



exacerbation, m the following number of days caleu- 




lated from the onset of jaundice 



Number 

Less than 14 to 20 21 to 27 

More than 



of cases 

14 days days days 

27 days 


Control (1st senes) 

17 

1 4 

1 4 

8 


„ (2nd sones) 

40 

6 10 11 

14 


Cysteine (1st senes) 

15 

0 11 

: 2 

2 


„ (2nd senes) 

26 

5 10 3 

8 


Methionine (2 6 gm ) 

11 

1 4 

1 6 

0 


» (S gm ) 

22 

6 11 

1 

4 Percentage 

Casein 

19 

2 £ 

> 2 

10 

down in 





under three 

Expressed as Percentages 




weeks 

Control (1st. senes) 


6 23 6 23 5 

47 

29 6 

„ (2nd senes) 


12 5 25 27 5 

35 

37 

Cysteine (1st senes) 


0 73 5 13 

13 

73 6 

„ (2nd senes) 


19 3S 

t 11 6 

30 5 

67 

Methionine (2 6 gm ) 


9 36 

i 64 

0 

46 

.» (6 gm ) 


27 50 5 

18 

77 

Casern 


10 5 26 10 5 

62 

20 5 


less than 14 days before coming under our care By this means those cases 
arriving late m the disease and already neanng recovery were excluded 
Obviously it was not possible to obtain an accurate date for the onset of 
jaundice m all cases, but the date when evidence of jaundice was first noticed 
by the patient or his medical officer was accepted as the date of onset 
These dates were eboited by careful questioning, and it is thought that most 
of them were accurate within two days Cases that were treated in the 
course of a relapse or were undergoing their second attack of post-arsphena- 
mme jaundice were also rejeoted From Table I it is seen that there were in 
all 37 'Group A rejects’. 

Table VI gives the following data for each case 

1 The initial serum-bihrubm level on admission to hospital 

2 The number of days from the onset of jaundice to the first estimation 
of serum-bihrubm (Jj-SBj) 
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3 The number of days from the onset of jaundice to the first day of 
treatment with ammo-acid (Jj-T^ 

4 The number of days from the first estimation of serum-bilirubin to the 
time when the serum-bihrubm level fell to below 4 mg per 100 o c , with no 
subsequent exacerbation (SB t to less than 4) 

6 The number of days from the first day of jaundice to the time when 
the serum-bihrubm level fell to below 4 mg per 100 c c , with no subsequent 
exacorbation (Jj to less than 4) 

The final analysis, given in Table II, is presented m two ways 

1 The mean number of days from the first day of jaundice to the day 
when the serum-bihrubm level fell to below 4 mg per 100 c c , with no subse- 
quent exacorbation 

2 The number of cases m which the serum-bihrubm level fell to below 
4 mg per 100 cc‘, with no subsequent exacerbation in (a) less than 14 days, 
(6) 14 to 20 days inclusive, (c) 21 to 27 days inclusive, and (d) more than 
27 days 

Table III gives a more detailed analysis of the cases m Group A As 
already pointed out, these comprise two senes of controls and two senes of 
cases treated with cysteino covering different periods of time, and two senes 
of cases treated with methionine with different levels of dosage 

From Table IY it will be seen that there was considerable vanation in the 
initial serum-bilirubin levels at the time of admission to hospital even among 
the cases m Group A A further analysis (Table IV) is therefore given of 
Group A cases of roughly comparable seventy at the time of admission to 
hospital, that is, all cases having an initial serum-bilirubin value of 7 mg 
per 100 c c or over, this figure being chosen m order to avoid excludmg an 
excessive number of cases and yet at the same time to include the initially 
more severe cases 

Finally, Table V shows the number of exacerbations during the course of 
the disease in hospital and the number of relapses ocoumng after discharge 
to a Convalescent Depot 


Discussion 

The very variable course run by post-arsphenamine jaundice renders the 
interpretation of any new form of therapy difficult, and it soon became clear 
that the study of a large number of patients was essential From the clinical 
standpoint it was felt throughout the work that treatment with either 
cysteine or methionine was exerting a slight but definite beneficial effeot in 
that a number of the treated patients reported an immediate subjective im- 
provement The rate of clinical improvement of the patients closely followed 
the rate of fall of the serum-bihrubm level, and as the investigation proceeded 
it became clear that these serial blood estimations were providing satisfactory 
numerical evidence as to the rate of improvement of the patients’ condition 
A full statistical analysis of the results of the serum-bihrubm estimations 
given in Table U will be found m Appendix U It is apparent from an 
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Table IV 

Analysis of Group A cases of roughly comparable seventy at the time of admission to 
hospital, that is, all cases having an initial serum-bilirubin value of 7 mg per 100 c c 

or over 

Mean values 



Number 

Mean initial 

Jj to less 


of cases 

Berum-bibrubm % 

than 4 

Controls (1st senes) 

10 

94 

26 2 

„ (2nd senes) 

19 

10 5 

19 9 

CyBteme (1st sene3) 

13 

10 7 

18 7 

„ (2nd series) 

21 

10 2 

20 0 

Methionine (2 5 gm ) 

10 

10 8 

20 1 

„ (6 gm ) 

16 

10 7 

19 9 


Number of oases m which serum-bilirubm fell 
to below 4 mg per 100 c e with no subsequent 
exacerbation, in the following number of days, 
calculated from the onset of jaundice 



Less than 

14 to 20 

21 to 27 

More than 



14 days 

days 

days 

27 days 


Control (1st senes) 

1 

3 

1 

6 


„ (2nd series) 

4 

6 

8 

2 


Cysteine (1st senes) 

0 

11 

1 

1 


„ (2nd senes) 

5 

10 

1 

6 


Methionine (2 5 gm ) 

„ (6 gm ) 

1 

3 

4 

9 

5 

1 

0 

3 

Percentage 
down m 






under three 

Expressed as Percentages 





weekB 

Control (1st senes) 

10 

30 

10 

50 

40 

„ (2nd series) 

21 

26 5 

42 

10 6 

47 5 

Cysteine (1st senes) 

0 

85 

7 5 

76 

86 

„ (2nd senes) 

24 

48 

5 

24 

72 

Methionine (2 6 gm ) 

10 

40 

50 

0 

60 

.. (5 gm ) 

19 

56 

6 

19 

76 


Table V 

Number of Cases shouting Exacerbations and Relapses 


Controls (iBt senes) 

„ (2nd senc 3 ) 

Cystemo (1st senes) 

„ (2nd senes) 

Methiomno (2 5 gm ) 
„ (5 gm ) 


Number of Number of 
Number .cases having cases having 
of cases exacerbation relapses 


Expressed as per- 
centage of total 
number of cases 
\ 

Exacerba- 


)57 

6 
7 j 

13 

1 

2] 

3 

23 

6 

)" 

21 

1 

* 

0) 

2J 

2 

7 

6 

j 33 

0 

4 

4 

0 

1 


12 

3 


Casem 


5 


1 


20 


5 
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examination of the figures m Table II that the administration of either 
oysteino or methionine resulted in a more rapid fall m the serum-bilirubin 
level, a conclusion that is confirmed statistically But it will also be seen 
that tho effect is not dramatic , thus, m the control cases, the mean time 
taken for the serum-bilirubin level to fall finally below 4 mg per 100 c o 
was 25 7 days , treatment with methionine reduced this by 6 0 days, and 
cysteine by 4 4 days In the small number of cases (19) treated with casein 
the mean duration was as high as 32 9 days , 

On account of the wide variations in the duration of individual cases (see 
Table VI, Col ‘ J x to less than 4’) it was decided to express the results m an 
alternative form, by calculating tho percentage number of cases m which the 
serum-bihrubm level fell finally to below 4 mg per 100 cc m arbitrary 
periods of time — less than 14 days, 14 to 20 days, 21 to 27 days, and more 
than 27 days When expressed m this form it will be seen that the casein- 
treated cases approximate very closely to the controls, whereas again the 
cysteine and methionine groups fared better, the serum-bihrubm levels 
falling to below 4 mg per 100 c c in under three weeks in almost twice as 
many of tho patients treated with cysteine or methionine — 35 per cent of 
controls and 36 5 per cent of casein-treated, as against 63 per cent of 
cysteine and 66 5 per cent of methiomne-treated The same effect with 
cysteine or methionine is observed if only those cases of roughly comparable 
severity at the time of admission to hospital are considered (Table IV) 

Tho numbor of exacerbations and relapses in the casein-treated group 
agree very closely with those occurring in the control senes (Table V), m 
the oysteino group, on the other hand, only one-third as many exacerbations 
occurred as in the control group, and in the methionine senes about half as 
many , the incidence of late relapses was approximately the same m all groups 

Tho failure of the casein to exert any beneficial effect could theoretically 
be duo either to absence of sufficient methionine or to the overloading of 
the deaminative mechanisms of the damaged liver cells resulting from the 
absorption of the other ammo-acids present in the casein Though casein is 
stated to contain from 2 9 to 3 5 per cent of methionine, it was possible that 
tho special casein used in this work might have been subject to some process 
damaging to the methionine, or that this might not have survived the baking 
of tho biscuits The special casern was used because it is generally employed 
for nutritional experiments where higher purity and freedom from vitamins 
are required 

Estimation of the methionine present, by the Baemstein method (1936) 
on casein hydrolysed according to Bailey (1937), gave values of 2 8 per cent 
(see Appendix I) Patients receiving the casern bisouits did not therefore get 
much more than 1 7 gm of methionine daily, an amount which may not bo 
adequate, and may explam the lack of any noticeable effect However, more 
of the biscuits could not easily have been eaten m addition to the normal 
diet, so that from the practical standpoint the administration of casern m 
biscuits ib not a satisfactory therapeutic measure 
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Table VI 




CONTROLS (1st senes, 17 patients) Gronp A 


Initial serum bilirubin % 

JV-SBi SBi 

to less than 4 

Jj to less than 4 

10 


8 

22 

30 

8 


2 

30 

32 

7 


9 

18 

27 

4 


8 

27 

36 

6 


2 

26 

27 

68 


6 

22 

27 

6 


12 

17 

29 

8 


6 

23 

28 

6 


7 

16 

22 

12 


6 

43 

49 

56 


7 

13 - 

20 

12 


12 

23 

36 

7 


0 

16 

16 

12 


4 

14 

18 

6 


11 

31 

42 

8 


6 

10 

16 * 

10 


7 

6 

12 

Mean =.7 9 


6 6 

20 8 

27 2 


CONTROLS (2nd senes, 40 patients) Group A 


7 


11 

14 

26 

16 


2 

20 

22 

6 


8 

30 

33 

6 


3 

64 

67 

3 


2 

20 

22 

1 6 


8 

20 

28 

03 


0 

33 

33 

13 


4 

18 

22 

11 


4 

12 

16 

6 


2 

16 

17 

8 


6 

25 

30 

13 


9 

13 

22 

12 


6 

8 

13 

11 


6 

18 

23 

10 


6 

6 

11 

6 


6 

12 

18 

6 


2 

31 

33 

7 


6 

10 

15 

16 


8 

19 

27 

1 7 


9 

20 

29 

3 


0 

19 

19 

3 

' 

2 

43 

46 

06 


0 

24 

24 

6 


4 

16 

20 

0 


3 

9 

12 

10 


3 

7 

10 

6 


7 

21 

28 

12 


8 

18 

26 

5 


2 

30 

32 

11 


6 

10 

21 

6 


7 

39 

40 

1 


8 

16 

24 

9 


6 

10 

16 

' 9 


11 

7 

18 

3 


0 

12 

12 

5 


6 

37 

41 

5 5 


0 

17 

17 

9 


9 

7 

16 

6 

8 


3 

30 

33 


4 

31 

35 

Moan — 7 1 


4 7 

20 4 

252 
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Table VI ( continued) 

nVR'l T J3’TvnT> ... . 


Initial serum- 
bilirubin % 
12 
62 
16 
4 
0 
10 
10 
12 
8 
8 
9 
10 
11 
12 

e 12 
Moan - 0 0 


12 

6 

0 

6 

0 

6 

8 

11 

36 

0 

12 

12 

7 

26 

7 

8 
8 

11 

0 

II 

10 

13 

0 

14 
16 

9 

Mean - 0 2 


J 1 -SB l 

6 

4 

8 

7 

4 

9 

2 

6 

4 

6 

4 

3 

6 

7 

7 

66 


CYSTEINE (2nd senes, 20 patients) 


Ji-T, 

SBj to less 
than 4 

Ji to less 
than 4 

13 

10 

11 

13 

21 

38 

9 

16 

27 

42 

17 

22 

7 

12 

13 » 

10 

17 

19 

6 

13 

16 

0 

14 

20 

7 

11 

15 

8 

12 

17 

7 

11 

16 

7 

10 

10 

10 

16 

24 

9 

10 

18 

30 

10 

17 

03 

16 0 

20 4 


Group A 

11 

15 

16 

26 

13 

19 

17 

21 

39 

46 

21 

28 

10 

15 

20 

22 

33 

37 

9 

20 

6 

11 

13 

15 

16 

17 

33 

34 

7 

8 

28 

30 

8 

12 

26 

31 

13 

16 

31 

40 

12 

13 

12 

14 

20 

32 

10 

16 

13 

17 

6 

12 



172 

21 8 


10 

9 

14 

7 

10 

11 

10 

6 

10 

16 

12 

Mean -10 4 


METHIONINE (2 5 

gm , II patients) 

Group A 


7 

9 

16 

22 

9 

12 

9 

18 

7 

10 

10 

17 

8 

15 

13 

21 

9 

12 

17 

26 

8 

10 

17 

25 

2 

6 

14 

16 

6 

8 

21 

26 

10 

13 

10 

20 

6 

8 

20 

25 

3 

6 

8 

n_ 

6 0 

98 

14 0 

20 6 
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Initial serum- 
bilirnbui % 

14 
11 5 
65 
10 
16 


Table VI {continued) 

METHIONINE (6 gm , 22 patients) Group A 

SBj to less 
than 4 


Ji-SB! 

6 

4 

2 

1 

4 


Ji-Ti 

8 

7 

9 

4 

7 

8 


17 

9 

11 

17 

30 

11 


Jj to less 
than 4 
22 
13 
13 
18 
34 
16 


o 

6 

7 

11 

13 

20 

8 

6 

8 

9 

14 

6 

1 

10 

14 

15 

9 

10 

13 

6 

16 

7 

4 

7 

14 

18 

4 

4 

7 

9 

13 

8 

2 

6 

11 

13 

11 

4 

7 

9 

13 

8 

6 

8 

9 

14 

10 

6 

11 

10 

16 

6 

3 

11 

28 

31 

13 

7 

10 

10 

17 

16 

6 

8 

28 

33 

3 

3 

8 

10 

13 

12 

10 

13 

33 

43 

9 

3 

9 

16 

18 





_ 

— - 

— 

Mean - 9 1 

4 6 8 6 

CASEIN (19 patients) 

14 7 

Group A 

19 2 

11 

4 

7 

14 

18 

10 

4 

7 

62 

56 

6 

6 

14 

46 

61 

8 

3 

9 

16 

19 

3 

1 

6 

13 

14 

12 

9 

10 

16 

24 

12 

4 

7 

44 

48 

16 

6 

8 

18 

23 

14 

9 

12 

11 

20 

10 

12 

16 

7 

19 

9 

8 

11 

32 

40 

8 

5 

8 

39 

44 

8 

10 

13 

32 

42 

7 

6 

9 

26 

31 

8 

4 

7 

37 

41 

10 

4 

7 

44 

48 

10 

6 

9 

7 

13 

9 

4 

7 

61 

65 

9 

3 

6 

6 

9 






Mean - 9-4 

66 

90 

27 2 

32 9 

Ideally, 

in a test of this kind it would be desirable 

to have accurate 

information regarding the nitrogen balance of the patients, and the methio- 

mno and cysteine content of the diet, but 

owing to the circumstances and 

the scale on whioh this 
necessity not available 

trial was earned out such information was of 

At the outset of the investigation it was assumed as a 

working hypothesis 

that tho liver damage in the patients might have been a 

direct result of the 

arsenic, and that, in view 

of the marked ability of the liver to regenerate, 
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it should ho possibles to alleviate the condition if treatment could be applied 
to romove the arsenic causing the cellular damage The work which has 
been briefly reviewed above suggested that simple SH compounds (or com- 
pounds from which SH groups could be derived inside the body) might effect 
suoh removal if present m sufficient excess It cannot of course be concluded 
from our results that our original assumption regarding the direct role of 
arsenic m the aetiology of these cases is correot, since it is also possible that 
tko boneficial effect observed was duo, as was pointed out earlier, to the 
provision of SH groups, attaohed to the appropriate amino-acid residues, 
for resynthesis of essential SH-protems, previously inactivated either by 
arsenic or by some non-arsemcal cause Indeed, the work of Salaman, Bang, 
Williams, and Nicol (1944) which was earned out concurrently with the 
present investigation, suggests strongly that the immediate cause was 
infective m naturo, so that the slight effect of the sulphur-containing ammo- 
acids may well have been through a facilitation of cell regeneration, rather 
than through a direct detoxication and removal of bound arsenic 

Analyses of arsenic in specimens of liver from two patients who had died 
of post-arsphenamine jaundice gave contents of 0 4 and 2pg per gm 
respectively , such amounts are low and in agreement with the idea that the 
damage is not due to the contmucd presence of arsenic 

A preliminary report of the present work has already appeared (Peters, 
Thompson, King, Williams, and Nicol, 1944) 

Summary 

1 A study has been made of the treatment of patients with post-arsphena- 
mme jaundice by the administration of sulphur-containing ammo-acids 
The conclusions are based on the treatment of 160 patients selected, for 
reasons given in the text of the report, out of a total of 468 

2 Three groups of patients were treated respectively with cyst erne, 
methionine, and casern (made up in the form of biscuits), control patients 
being observed simultaneously throughout The rate of recovery of the 
patients was observed olinically and by serial estimation of the serum - 
bilirubin levels 

3 A slight but statistically significant increase in the rate of return to 
normal was noted in the patients receiving cysteine or methionine Casern, 
in the form and dosage used, brought about no beneficial effect 

4 The interpretation of the results and their possible bearing upon the 
aetiology of post-arsphenamme jaundice is discussed 

We wish to thank Major-General L T Poole, Brigadier T E Osmond, and 
the Officers Commanding the Royal Victoria Hospital, Netley, for having 
made this work possible We are indebted to Major C R Lane, R AM C , 
and his technical staff for estimations of serum-bilirubin, to Dr L A Stooken, 
Messrs V P. Whittaker, and G H Spray, and the technical staff of the 
Department of Biochemistry, Oxford, for preparation of cysteine (from hair), 



THE TREATMENT OF POST-ARSPHENAMENE JAUNDICE 53 


to the Ministry of Supply for the manufacture, at our request, of synthetio 
methionine, to Mrs Peters for the preparation of casern biscuits, and to the 
Nursing Staff of the Royal Victoria Hospital, Netley We have also been 
helped by conversations with Professor A W M Ellis and Major M H 
Salaman, R A M C Finally, our thanks are due to Captain JAR Miles 
for supplying us with a specimen of liver, and to Dr G A Lewy and his 
colleagues of the Department of Medical Chemistry, Edinburgh, for estimatmg 
the arsenic content of this specimen 
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APPENDIX I 

ESTIMATION OF METHIONINE IN CASEIN BISCUITS 
(with technical assistance of R W Wakeun) 

Methionine was estimated by Baemstem’s (1936) later method in which 
methyl iodide, arising hy heating the methionine with hydnodio acid, is 
washed with banum and cadmium chlorides and then mercuric chloride, and 
collected m glacial acetic acid-sodium acetate solution containing bromine 
The latter oxidizes the methyl iodide to lodate which is titrated in the usual 
manner In our hands, the apparatus, exactly copied from Baemstein, gave 
a recovery of methyl iodide for synthetic dl-methiomne of 90 6 per cent , 
92 3 per cent for a Ministry of Supply specimen, and 90 6 per cent for one 
of Hoffman la Roche, average recovery 91 2 per cent Kassell and Brand 
(1938) found an average recovery of 93 7 per cent or 2 5 per cent higher , 
they stated that some loss ooours through conversion to methyl meroaptan 
We have employed a correction factor of 9 per cent for our estimation of 
methionine m casern, calculated from our average recovery from pure 
methionine 

Estimations of volatile methyl iodide upon the A/E casern even after 
thorough extraction (using as a final step warm benzene), were much too 
high and Bhowed that the last traces of alcohol or some similar substance 
had not been removed After thorough extraction we resorted therefore to 
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Bailey’s (1937) procedure m which last traces of such impurities are removed 
by appropriate hydrolysis and by evaporating the residue twice to dryness 
in vacuo before using for the estimation Our values were as follows 

A/E Casern (as supplied) after hydrolysis 2 90 % 

A/E Casern (as made up in biscuits) after hydrolysis, 2 78, 2 80 Average 2 79 % 

Percentage values of methionine given m the literature are as high as 3 5 
Baemstem gives 3 3 per cent , but Kassell and Brand (1938) quote a value 
of 2 95 per cent Slightly lower values were obtained by Lavme (1943), 
using a penodide method Our results for the biscuit are slightly low, but 
not sufficiently so to indicate any substantial loss due to the extraction or 
the baking Hence the failure of the casern to function as methionine cannot 
be explained by destruction of the methionine present by the alcohol 
extraction or the baking 


APPENDIX H 

STATISTICAL NOTE 
By M Greenwood and W. J Martin 


When the prtma fane inference from a statistical table is not made suspect 
by the small number of observations or some other weakness, for instance 
bias m selection, the diagnosis of which is within the province of a statistician, 
it is mere pedantry to interrupt the reader of a clinical paper by inter- 
jections to the effect that certain differences are, or are not, significant As, 
however, there must always be limiting cases where it is helpful to have 
some arithmetical criterion, we give the results of an analysis of the prin- 
cipal data The reader should not suppose that either the authors of the 
paper or we neglected other arithmetical investigations, for instance, of 
the form of the tune-oharts m the various groups These, however, did not 
lead to any clear-cut conclusions, and we do not think that more can be 
claimed than stated m the text 


The mean number of days from first serum-bilirubm reading to one of 
les3 than 4 mg per 100 o c with no subsequent exacerbation (Table II) shows 
that the groups receiving cyBterae or methionine had an advantage over both 
the controls and the casern group The differences which are statistically 
significant, are 


Controls — Cysteine 
Controls — Methionine 
Casern — Cysteine 
Casein — Methionine 


Differences (day's) 
4 48 ± 1 93 
0 07 ± 1 90 
11 60 ±3 92 
13 19±3 91 


The differences between the cysteine and methiomne groups, 1 59+1 80, 
and between casein and the controls, 7 12 + 3 97, uere insignificant In the 
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alternative comparison made m Table II the difference between the per- 
centage of cases m which serum-bilmibm fell to below 4 mg per 100 o c 
m under three weeks were 

Cysteine — Controls 28 3 ± 10 2 

Methionine— Controls 31 6 ± 10 9 

Cysteino — Casein 26 6 ± 13 0 

Methionine — Casern 30 1 ± 14 3 

Methionine differed significantly from the controls and casern, and cyBteme 
was significantly different from the controls, but the difference between 
oystemo and casein only approached significance (the difference was 1 96 
times the standard error) 

Table IH shows, if both aeries are combined, that the groups did not 
differ m the mean number of days 3 1 to SBj smoe none of the differences 
between tho four groups are statistically significant 

Treatment was commenced with cysteine almost two days earlier on the 
average than in the other two groups , this difference 1 8 was statistically 

significant. The subdivision into two senes shows that no difference existed 
between tho groups of tho same treatment group The apparently large 
differences between the two senes in tho percentage of oases where the serum- 
bilirubin level fell to 4 mg per 100 oo in less than three weeks of the 
cysteine and methionine groups are withm the range of chance fluctuations 
Tho cysteine and methionine groups had a smaller percentage of oases 
having relapses than either the casein or controls (Table V), but the only 
difference which was statistically significant was that between the controls 
and cysteine, 16 2±7 6 The percentage of cases relapsing varied from three 
to five per cent between the four groups, and no significant differences 
existed between the groups 
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THE PSYCHOGENIC BASIS OF SOME SO-CALLED 
RHEUMATIC PAINS 1 

By J FUND and H STUART BARBER 

In October 1940 a special Rheumatic Treatment Centre was started for 
Royal Air Force personnel. Its close proximity to a Royal Air Force hospital 
for the treatment of neuroses offered an opportunity for the study and obser- 
vation of rheumatic cases both from the medical and psychiatric aspeots 
For reasons of service policy the Rheumatic Centre was closed some 12 months 
after its inception During the period of its existence 120 patients were ad- 
mitted, including cases of acute rheumatio fever, rheumatoid arthritis, osteo- 
arthritis, erythema nodosum, and a group of patients whose chief presenting 
symptom was one of generalized bodily pain In this last group it was con- 
sidered that the condition, at the time of our investigation, was m no way 
a physical one, but entirely a psychogemc reaction It is proposed in the 
present paper to discuss some of the findings which resulted from a study of 
the cases in this group The investigations were carried out on 42 patients 
who were admitted under such varying diagnoses as fibrositis, sub-acute 
rheumatism, myositis, or multiple joint pains The hysterical reaction on 
physical examination of the first of these cases led to his being referred to 
the neuro-psychiatnst as a matter of interest, but as the frequency of 
hysterical manifestations m these patients became apparent it was felt that 
they would repay further study At the same time a clinical picture became 
more clearly defined and the history soon enabled us to make a fairly ac- 
curate forecast of the physical findings 

Clinical Features 

History The symptoms often dated from childhood, and a history of 
rheumatic fever was not uncommon Their duration varied from 1 to 15 
years, but one patient stated that he had not been free from pain since birth 
because his mother suffered from rheumatism at that time The symptoms 
may be separated into two groups, those of a specifically rheumatic nature 
referred to the locomotor system and those predominantly of visceral or 
vasomotor origin The ' rheumatism ’ consisted of indefinite pains rarely 
limited to the joints or any one region of the body Thus one man complained 
of pam ‘ m every joint of his body ’, another of * pains all over the body ’, and 
a third of 'continuous pains in the arms, legs, and shoulders’ Articular 
swelling was seldom described by the patients, although in some cases it was 

1 Received December 4, 1944 
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tentatively suggested that there might have been slight enlargement of the 
joints The majority could not recollect any joint involvement such as would 
be manifested by swelling or loss of function In the histories of these patients 
certain features recurred so frequently that their significance appears to be 
beyond doubt These include symptoms suggestive of neurosis, morbid fears 
about health, a family history of neurosis, irregular employment, and neurotic 
traits in early hfo 

Neurotic symptoms at initial examination Without direot questioning 29 
patients complained of some symptom which was suggestive of a functional 
condition, and this feature often helped to direot further scrutiny towards 
tho psychological aspects of the case These complaints included ‘nerves’ or 
nervousness, feelings of exhaustion, pains behmd the eyes, and such symptoms 
as tremors, ‘blacking out’, insomnia, dyspepsia, headaches, and dizziness In 
one case tho emotional over-activity and self pity at the time of the exami- 
nation aroused suspicion 

Morbid concern over health Malhnson (1941) has pointed out that Kret- 
schmer in his study of hysteria based on military psychiatric cases of the last 
war stressed tho importance of estimating in each case the ‘will to be well’ 
(Oesundhcitswillc) or attitude of the patient towards illness, his readiness or 
otherwise to succumb to minor ailments and discomforts Undue concern 
about health was present m 26 of our cases A few examples are given below, 
and other patients in whom a morbid attitude towards illness had persisted 
throughout life arc described later (Cases 1, 2, 10, and 14) 

Case 3 Frail child, no appetite, ‘mother spent a fortune on me’, never 
allowed to play games, ‘ mother took too good care of me ’ 

Case 5 Rheumatic pains since two years of age, unable to go to school 
until age of seven years, always away from sohool, ‘ didn’t complete a term 
of school the whole time I was there’ 

Case S Now aged 31 years, weakly as a child, eczema for two years when 
young, ‘lot of illness until age of 12 years when I had my tonsils out’, 
rheumatic pams since age of 15 years, has had to give up in the middle of 
a game of tennis and come off the dance floor on account of pains, greatest 
period of relief followed a course of liver mjeotions 

Case 12 Now aged 28 years, measles, mumps, and pneumonia in childhood, 
bronchitis at nine years and was off school for six months, afterwards wore 
a jacket of thermal wool until adult life, unable to play games, always afraid 
of catching oold Since rheumatism at the age of 23 years (for which he had 
no medical attention) he has been able to undertake only part-time employ- 
ment in the family business 

Family history Morbid concern over health was frequently found to have 
developed in a family setting of illness, near relatives m such families being 
affected with various complaints, organic or functional, often of long standing 
In 20 cases there were instances of this, and the following will serve as 

illustrations 
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Case 7 Father suffers from rheumatism and lumbago, doubled up, has had 
to use a stick for years, three brothers have all had stomach trouble for years 
and regularly take McLean’s powder, two sisters unduly nervous 

Case 4 Father ill with rheumatism since last war, father’s mother suffered 
from rheumatism and sister from rheumatoid arthritis 

Case 5 Father ill for years with rheumatism and bad two operations for 
gastric ulcer, patient’s brother has been confined to bed with empyema 

Another aspect of the family history is the mcidence of psychogenic re- 
actions In those cases in which a reasonably adequate account of the near 
relatives was forthco min g it was found in 23 that one or other parent was of 
an excessively worrying over-anxious type to a degree which may be assessed 
as extreme In some cases there was evidence of a ‘nervous breakdown’ in 
first degree relatives, and in addition other near relatives were undoubtedly 
neurotic personalities In one instance a parent had been the subject of 
a psychosis 

Employment The hfelong morbid interest of these patients for their health 
had had a considerable influence on their employment In eight cases there 
had been frequent changes of occupation generally with some intervening 
unemployment, in a never-ending search for the right type of job which 
would allow adequate regard to the question of ‘ill health’ In another eight 
cases the patients had attained the desired end, and before entering the 
service were engaged m jobs which earned privileges in the way of extra 
time off or a specially arranged occupation The ability of these patients to 
find an easy, well-paid job with a kind employer was striking In some in- 
stances the family had acquired a busmess m which several members were 
able to lead a pnvileged working life Where different members of the family 
shared m the general morbid concern over ill health and ran their own 
busmess it was sometimes found that the family might come to lead an 
extraordinarily restricted existence, as is shown by the following case record 

Case 9, aged 23 years, was admitted to the Rheumatic Centre from a general 
hospital m March 1941 He had been called up for service during the previous 
month and his total service amounted to a few days He gave a history of 
rheumatism at the age of 16 years the details of which were exceedingly 
vague He described his ankles as being painful and swollen He was working 
at the time m a sheltered job m a hotel owned by Ins aunt and was away 
from work for about a year He stated that since that time he had never 
been free from pam for long, and that his feet, legs, hips, and back were 
particularly affeoted About the age of 19 years he attended hospital regu- 
larly for 10 months and one leg was encased m plaster for two months Soon 
afterwards he developed an eye condition which he stated was diagnosed ns 
iritis, and a doctor told him that it was connected with his rheumatism 
which ho (the doctor) considered must have been particularly severe Tuo 
years later he acquired a small neighbouring hotel which he ran in conjunc- 
tion with the larger hotel owned by his aunt, and his ‘rheumatism’ seemed 
to vary according to how busy and worried he was Occasionally during the 
previous year he had been compelled to use two sticks to help him to get 
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around Physical examination revealed nothing abnormal and various labora- 
tory tests were negative In childhood he had been the subject of more than 
the average amount of minor illness, had lived in a family atmosphere of 
illness, and had been over-protected When he was five years old his father 
had been involved in an accident m the course of which he had been burned 
Thereafter the father felt unable to return to his former occupation and 
after a period of unemployment followed by an unsuccessful attempt to start 
his own small business he was taken over by the aunt who owned the hotel, 
who employed him and eventually all the rest of the family The patient 
during his sohool days was a timid, nervous boy who avoided all games On 
only one occasion at school had he been nearly involved in a fight, but he 
had forgotten to turn up for the appointment wuth the other boy The inci- 
dent, ho stated, was easily recalled because he remembered how few of the 
other boys seemed inclined to behove him This timidity and lack of aggres 
sion persisted throughout life He was proud of the fact that he never lost 
his temper and the most difficult hotel guest had never succeeded in arousing 
any sign of irritability m him It was confirmed that he was intelligent and 
had done well at school where he had remained until the age of 14 years 
His aunt’s hotel had grounds amounting to 80 acres and during the first three 
years there, that is from the age of 14 to 17 years, he had never gone outside 
the grounds Afterwards he bought a small car and used to drive slowly and 
cautiously over short distances Ho always felt frightened when circum- 
stances forced him to take a passonger He had no other hobby and as far 
ns could bo ascertained showed no other sign of initiative, with the possible 
exception that he started to develop a friendship with a girl, but the respon- 
sibility became too much for him and the affair terminated within three 
weoks The patient’s duties in the two hotels had mostly been confined to 
office work According to his story he had found difficulty in doing any sus- 
tained work owing to his disability, but one gained the impression that 
within tho confines of his hotel life and occupation ho was probably an able 
organizer and efficient worker The family history showed that the father 
was a semi-invalid as has been described above Tho mother had suffered 
with one complaint or another for years, firstly phlebitis, then ‘threatened 
with dropsy’ and now ‘some woman’s complaint’ The aunt in whose hotel 
the family had found refuge had suffered severely from rheumatism since the 
last war, and the aunt’s son had had a ‘nervous breakdown’ some years ago 
with an exacerbation after the fall of France, after which he had to give up 
work for some months Treatment in hospital induced the patient to give 
up a hysterical gait, and he ceased to complain of pam when he was promised 
his discharge from the service His mental attitude while m hospital was 
strikingly hysterical He seemed able to shut out from his mind any ideas 
connected with the distasteful service m which he had found himself To- 
wards the end of his Btay in hospital one of the brief ‘rheumatic’ relapses 
occurred, when some special function was taking place in one of his hotels 
and he became extremely worried as he pictured the possible mistakes being 
made m his absence 

Neurotic trails A clinical psyohiatnc examination m a co-operative patient 
usually includes an inquiry about any nervous traits which the patient may 
have exhibited in ohildhood and whose presence m numbers, intensity, or 
persistence to a late age suggests a liability to neurotic reaction -under stress 
m adult life This matter was, at the time of the present investigation, the 
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subject of inquiry initiated by Air Commodore R D Gillespie and was engag- 
ing tbe attention of the psychiatrists at the Neurosis Centre m relation to 
neuroses m both flying and ground personnel The investigation included an 
estimate of morbid fears (such as fears of the dark, of animals, or of illness), 
physiological instability (as evidenced by faints, sleep-walking, bed-wetting, 
stammer, etc ), pattern and degree of visceral response before an ordeal (such 
as an examination, important match, etc ), temperament, personabty, habitB, 
and timidity (questions about games, recreations, eto ) It was found that the 
great majority of neuroses m ground personnel who had broken down without 
undue stress showed a high mcidence of these features In the present group 
of ’rheumatic’ cases 16 patients showed a similarly high incidence with the 
same general distribution Indeed, there was no discernible difference between 
the more severe cases of the neuroses and the present ‘rheumatio’ group, 
except that m the latter the presenting symptom was the oomplamt of bodily 
pain It seems unnecessary to give a detailed analysis of the findings in all 
the cases The following instance is a fair example of what was elicited in 
the way of neurotic traits in the psychiatno examination of this group 

Case 4, aged 27 years, still showed some fear of dark and was terrified at 
times when doing guard duty Uneasy at home alone even m recent years 
and had experienced palpitations when m this situation, feeling compelled to 
look m cupboards and under beds Was frightened when he heard of any 
friend or acquaintance being ill and was sure that he would develop the 
same complaint Disturbed sleep at times and has experienced nightmares 
at intervals throughout his life, worse lately Still bites his nails, and showed 
enuresis till age of 12 years Tended to worry unduly and become easily 
depressed and irritable Had never played games, no interest m them, 
frightened of water and had never learned to swim Bullied at school and 
throughout life had never been able to stand up for himself 

It is of interest to note that on inquiry about timidity it was found that 
only one of 17 patients was able to swim a few yards, most of them ad- 
mitted to having tried m the past, but had given it up because it was too 
frightening 

Physical examination Physical signs of an active rheumatic infection were 
conspicuous by their absence, and despite multitudinous aches and pains 
these patients appeared to be in reasonably good health In those whose 
complaint was referred to one or more joints, no inflammatory change, 
swelling, or other objective sign of rheumatism could be demonstrated 
CrepituB was sometimes produced as evidence, but m the absence of limita- 
tion of movement or other more positive sign it was discounted Crepitus 
may be elicited when there are no painful symptoms referable to the joint 
affected In one patient whose symptoms were localized to the hands, the 
normal widening of the interphalangeal joints was adduced as evidence of 
rheumatism, and had been described by one medical officer as the spindle- 
shaped swelling of rheumatoid arthritis Whether the pain was in the joints 
or confined to the muscles, the full range of movement could alwayB bo 
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obtained Active muscular resistance to some movements did ocour, but with 
persuasion and exhortation to relax the complete range was invariably pos- 
sible Perhaps the most characteristic sign was found when examining the 
muscles of the back Palpation of the glutei, paravertebral musoles, or 
scapular muscles is normally not a pleasant procedure, but is certainly not 
productive of pain Among theso cases it resulted in a typical hysterical 
over-reaction Excessive writhing, grimaces, and groaning could be induced 
by palpation of widespread areas extending from the buttocks to the shoulders 
Had the pains m truth been so extensive the patients would have been bed- 
nddon Suggestibility is another common finding, and areas of hyper- 
aesthesia could easily be produced In some cases it was possible to make 
elicitation of the tendon reflexes and even the abdominal reflexes an appa- 
rently painful process The localization of the more circumscribed tender 
regions varied considerably during the examination We were not convinced 
that any fibrositic nodules could bo found in these patients Two patients 
displayed gaits of the most bizarre and obviously hysterical type which 
responded v, ell to psychotherapy No abnormality was found m the respira- 
tory, cardiovascular, or central nervous systems The digestive and renal 
tracts were normal The erythrocyte sedimentation rates and blood counts 
were withm normal limits in all cases In some patients it was deemed ad- 
visable to confirm the clinical impressions by radiological examination of 
those joints described as painful, and again no abnormality was disclosed 

Psychiatric examination From the psychiatric aspect it is proposed to 
follow the classification suggested by previous writers, namely hysterical, 
anxiety, and depressive states Many of the cases showed mixed hysterical 
and anxiety features and it was not always easy to decide which set of 
features predominated In many a varying degree of depression was also 
present 

Hysterical reactions In this group there were 1 7 cases all oi whom belonged 
to ground staff For the sake of descriptive convenience they will be con- 
sidered in the following three subdivisions each of whioh gives some indication 
of the typo of reaotion present 

(а) Reappearance in hysterical form of what may have been a former 
organio rheumatic condition 

(б) Hysterical prolongation of what was possibly a former rheumatic 
condition 

(c) Hysterical complications of an underlying mental disorder 

Reappearance in hysterical form of what may have been a former organic 
condition The feature common to all cases in this section is the history of 
a previous rheumatic illness from which the patient had, according to bis 
statement, made a complete recovery All bad been free from symptoms for 
Borne years and had been perfectly well at the time of entry into the service 
Five cases, aged 28, 27, 27, 22, and 19 years, may be included m this section 
In one of the patients with a previous history of rheumatic fever the descrip- 
tion leaves little doubt of its organic nature In three patients the description 
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of the rheumatism makes it difficult to form an acourate opinion m retrospect 
In three patients symptoms superficially resembling the previous illness had 
appeared within a month of entry, precipitating factors being the muscle 
stiffness arising during pre limin ary training, the malaise after inoculations, 
and a mild febrile illness In the fifth patient symptoms arose during the 
third month of service when he began to work in the hangars m cold weather. 
All had been carefully investigated and adequately treated for periods varying 
from 4 to 12 weeks in Royal Air Eorce hospitals before admission to the 
Rheumatic Centre The following clinical descriptions relate to two of the 
cases in this section 

Case 1, aged 25 years, came into the service in January 1941 and reported 
sick four days after starting his preliminary training, complaining of stiffness 
in the legs and swelling of knees and ankle pints He was convinced that 
marching had brought on another bout of rheumatic fever He spent four 
weeks m the Station Sick Quarters during which time there was no con- 
vincing record of abnormal physical signs He w as admitted to the Rheumatic 
Centre on the recommendation of a medical specialist On admission he 
showed no abnormal physical signs Hib numerous complaints included an 
account, in disgruntled fashion, of the inadequacy of the treatment he had 
received At the age of 18 years, soon after leaving school where he had 
passed the matriculation examination, he had been the subject of rheumatic 
fever and had been confined to bed for several months. Ins heart being 
affected Thereafter he had remained at home and had not been able to take 
up any employment for about 18 months. Since an attack of pleurisy at the 
age of 12 years he had tended to be more than normally interested m his 
health, and he became more than ever concerned about his physical state 
after the rheumatic fever Ultimately he had taken up banking, and although 
he had been moved to different branches, his health had served as a reason 
for being kept near home He had not experienced any further symptoms 
during the previous five years except, when studying for his bank examina- 
tions, a tendency to feel exhausted for which he usually stayed in bed for 
some days When he felt inclined he played tennis and cncket and had 
recently taken up skating Throughout life he had always tended to avoid 
the more strenuous sports such as football, and he had never learned to 
swim Apart from his abnormal preoccupation with his health he had not 
exhibited any undue preponderance of neurotic traits m childhood or adult 
life He had joined the Royal Air Force shortly before he was due to be con- 
sonbed, for purely selfish reasons, on the ground that the billeting, feeding, 
and general conditions were better than m the other services At one time 
he had harboured ideas of volunteering for air-crew, but his dominating 
father had made him give up the project There was a family history of 
psychotic break-downs on the mother’s side, and the patient’s mother was 
herself without doubt a hysterical psychopath His father and mother had 
separated some years before His only sister had been an invalid for many 
yearB and had died during the previous year at the age of 29 years from what 
was termed septicaemia One younger brother was alive and well Although 
he did not hide the fact that he wanted to leave the service, he made some 
response to an explanation about the nature of his symptoms and his subse- 
quent activity in hospital confirmed the wholly psychogenic nature of the 
condition He v as sent back to duty to try again, although the prognosis for 
useful service was regarded as poor 
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Case 2, aged 28 years, joined the service in December 1940 Daring his 
preliminary training he had complained of swelling and pain m the knees 
and ankle joints After treatment he carried on for some months, always on 
selected light duties In March 1941 ho was admitted to hospital with a mild 
febrile illness of indefinite nature, and on recovery complained of pain in 
various joints Ho received intensive treatment for about 12 weeks and ap- 
peared to improve satisfactorily Ho was given sick leave before returning 
to duty, but ‘collapsed’ with a return of symptoms towards the end of the 
poriod of sick leave and was subsequently admitted to the Rheumatic Centre 
On admission there wore no abnormal physical signs and all investigations 
wore negative His home life had always been characterized by marked 
emphasis on illness. He stated that his mother had been crippled with 
rheumatism nearly all her life and his only brother had been the subject of 
the eamo complaint His mother had always been an over-anxious worrier 
In the patient’s childhood his father had had to undergo an operation for the 
removal of a ronal calculus Because the patient was like his father m appear- 
ance ho was made by the mother to consume large quantities of barley water 
until adult life, and whenever in the mother’s opinion he looked tired or ill 
he was given an extra dose As a child he was very nervous, being the subject 
of sleepwalking, bed-u etting, nightmares, and morbid fears until the age of 
12 years, and throughout his life had always been considered too delicate to 
play games After leaving school at 14 years ho worked in a coalmining job 
for a year and then joined his father who had started a newsagent’s and 
tobacconist’s business Gradually they oxtended the number of shops until 
tlioy owned seven and the patient’s occupation became mainly supervisory 
Ho drove round in a car and took little or no exercise Three years ago his 
father died and the patient had what his doctor described as a nervous 
break-down, one of the chief features being sleeplessness which had persisted 
with some intensity for about a month Shortly before the death of his father 
ho bad been ill with rheumatism for some weeks It was impossible to judge 
the nature of his illness, but he had been free from symptoms during the 
previous two years Since joining the service he had noticed that the pains 
always became muoh worse when he was worried His progress in hospital 
was uneven, with frequent complaints of pain and a gait which was often 
bizarre, but was no obstacle when his interest was aroused His chief 
worries concerned his business which his wife was failing to manage satis- 
factorily, and he did not hide the faot that his mam urge was to return to 
oml life The prognosis for useful service was considered to be so poor that 
invaliding was recommended 

Hysterical prolongation of what was possibly a former rheumatic condition 
The factor common to all patients m this section is a history of rheumatic 
illness which had occurred before entry into the service and from whioh the 
patient, according to his story, had not completely recovered It was ob- 
viously impossible at the time of our investigation to decide whether or not 
the original illness was organic in nature In some cases it was probably 
neurotic and this would make the present condition a perpetuation of a 
hysterical simulation We have assumed that there was originally an organic 
factor present Seven cases may be included in this section, their ages being 
if) 31 28 27 26, 23, and 23 years The alleged original rheumatic infection 
had commenced m the past at periods varying from 16 to 2 years Four of 
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the patients bad been serving in the Royal Air Force for less than six months 
and the remainder for less than a year, including periods off duty on 
account of their complaints In four of the patients longstanding symptoms 
of neurosis were conspicuous and m the other three the personality was 
strikingly hysterical The following is an example of these cases 

Case 10, aged 27 years, came into the servioe m October 1940 After 
a few weeks’ preliminary training he began a flight mechanic’s course, but 
almost immediately complained of pains in the back, hips, shoulders, and 
wrists, a condition which he stated had commenced about a year before 
joining the service With spells of light duty and treatment he earned on 
until he was finally admitted to a Royal Air Force hospital, and later 
transferred to the Rheumatic Centre m September 1941 On admission, in 
addition to the above complaints, he stated that he was the subject of head- 
aches, palpitations, >and a feeling of exhaustion There were no abnormal 
physical signs and all investigations were negative In ohildhood he had 
been the subject of the common ailments although he had never been 
seriously ill He had been over-proteoted by an anxious mother who had 
kept careful watch over his health until he joined the service She had made 
him oarefully dry his head if it ever became slightly wet He had com- 
plained of rheumatism-like pains during the year prior to his entry mto the 
service and she had regularly rubbed him with ointment and sent him to his 
panel doctor so often that the latter lost interest, and he had to go to 
another doctor in a private capaoity He had been the subject of frequent 
colds and at times had been afraid to get his hair out At the age of 13 years 
he was supposed to have had ‘a touoh of rheumatio fever’ He lay m bed 
for three weeks with pains round the heart, took it easy for several months, 
and gave up games for good Since leaving school at the age of 14 years he 
had been employed as a shop assistant in circumstances which allowed him 
a few days off at frequent intervals The family atmosphere of illness was 
striking In addition to her mental attitude the mother had had a cough 
for years, winter and summer The father it was stated had a recurrent 
gastno ulcer, as had two other members of his (the father’s) family The 
patient’s only sister ‘ was always at the doctor, no one knows what is wrong 
with her’ He appeared to make some response to treatment and explana- 
tion, and since it seemed desirable to keep him away from his mother’s 
attention ho was sent back to duty, although the prognosis was considered 
poor 

Hysterical complications of an underlying menial disorder Five cases are 
considered to come under this heading, and all of them showed a degree of 
mental backwardness, the rheumatio condition being considered to he m the 
nature of a hysterical reaction secondary to the stress of service life on 
a subject of inadequate mental constitution In none of the cases were the 
circumstances in service life such as would have merited the term stress, had 
the individuals in question been of normal robustness Their ages were 41, 
32, 31, 27, and 27 years, their length of service ranged from two years to 
six months On testing by the Stanford revision of the Bmet Simon testa 
three of them showed a mental age of 11 years and one the mental ago of 12 
The remaining one was definitely ‘below average’ on testing by the pro- 
gressive matrices Four had extremely poor work records in ci\ il life and 
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three showed long-standing neurotic symptoms m addition to their mental 
backwardness The following notes refer to one case 

Case 14, aged 31 years, was admitted to the Rheumatic Centre, having 
come into the servico sis weeks before On admission he complained of ‘ pain 
in every joint of the body’ He stated that he ‘ suffered a lot with his head 
also’, by which ho meant headaches, dizziness, and a pumping sensation in 
the head In addition he had frequency of micturition which necessitated 
his getting up several times during the night Ho gave a history of rheumatic 
fever at the ago of seven years, went on to relate that he had never been 
free from joint pain since that time, and that he had had a second attack of 
rheumatic fever at the ago of 25 years which had kept him m bed for four 
or five weeks and away from work for nearly four months Since leaving 
school ho had been employed as a farm hand and later ns a farm labourer 
On account of his rlienmatio pains he always felt worse in the summer when 
the pressure of work was heavier, and throughout the years of his employ- 
ment had continually sought the lightest work on the farm He stated that 
on account of his disability ho had been compelled to absent himself from 
work on many occasions, often for two or three days at a time, and that m 
recent years he had missed about one day’s work in every ten About a year 
beforo ho joined the service he left the farm for a more lucrative job of 
groundsman on an aerodrome where he cut and rolled the grass He jomed 
the Royal Air Force when he was about to be conscnbed, in order to avoid 
the army At the age of 14 years, when he left school, he had reached stan- 
dard V (standard VII was possible) He described himself as having suffered 
from ‘ nerves ’ all his life Ho showed numerous neurotic traits and morbid 
fears m childhood, some of which still persisted His nocturnal frequency of 
micturition appeared to be in the nature of an extension of former bed- 
wetting whiob still occurred at times On testing with the Stanford version 
of the Bmct Simon tests his mental age was assessed at 1 1 years He was 
excessively timid and whenever the air raid sirens sounded he was consoious 
of palpitation, and was unable to go to bed although he lived m the depths 
of the country and a bomb had never fallen near the village He could not 
bear company, could not stand noise, and asserted he had become much 
more nervous during the past three years since his wife had miscarried and 
ho had been unable easily to find a doctor The family history showed that 
his mother and younger sister were regarded as excessively nervous Three 
of the mother’s brothers were unstable alcoholics His progress under 
observation in hospital ran a course commonly seen m this type of patient, 
the chief features being a more or less complete absence of symptoms 
when happy and given encouragement and attention, and a relapse when an 
unpleasant prospect threatened He was regarded as unlikely to become of 
value to the service and invaliding was recommended 

Anxiety states The patients in this group number 22, of whom 20 belonged 
to the ground stafi and two to air-crew The 20 ground staff patients 
showed many characteristics similar to the hysterical group, the chief 
psychiatric differences being that they had exhibited anxiety either in its 
mental manifestations or physiological accompaniments, or both, at intervals 
often for years before joining the service Their length of service before 
coming to the Rheumatic Centre was revealing, specially as most of them 
had received long periods of treatment Eight patients had served for less 
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than six months, a further seven for less than 12 months, and the remaining 
five for less than two years Their age tended to be higher than the average 
age for serving airmen, 13 being more than 27 years of age and seven under 
that age Five patients claimed that their symptoms had started for the 
first time after joining the Royal Air Force, and in the remaining 16 the 
pains were alleged to have begun at different times from between 20 and 
three years before recruitment, although seven of these stated that they 
were free from symptoms on entry Four patients had probably been the 
subject of rheumatic fever in the past On inquiry about the time and 
occasion of the beginning of the pains interesting information was disclosed, 
as in the following two cases 

Case 18 ‘ Rheumatism has been much worse sinoe my cycle accident three 
years ago I have been nervous as well since that time, and also impotent ’ 
The accident in question was not one in which he had been injured to any 
extent, but he had been extremely frightened. 

Case 24 ‘My rheumatism started a month after I jomed the service — 
I don't understand it because it was glorious weather — and I felt like I did 
before, three years ago, after an accident I was in 5 In this case the acci- 
dent was one m which the patient had been driving a car and had killed 
a pedestrian 

In both cases further inquiry showed that well-marked anxiety symptoms 
had accompanied the original ‘rheumatism’ Suoh cases are reminiscent of 
those described by Halhday (1941) In a general way it was found that 
stress other than the effect of service life had operated to a greater extent 
than m the hysterical group Seven of the patients had been exposed to 
enemy bombmg, two had lost relatives m bombed areas, and three had 
private worries of some magnitude The two members of air-crew m this 
group differed in no essential way from the ground staff oases Their good 
appearance had tended to cover a well-marked neurotic personality, and 
both had developed ‘rheumatism’ symptoms at the initial training centre 
The following notes refer to one case 

Case 38, aged 20 years, entered the service for training as a pilot m 
October 1940 During the first month he experienced a recurrence of alleged 
Theumatio pains, but he carried on with ground duties while awaiting 
a vacancy at the initial training centre for air-crew Soon after reaching 
the training centre he came under medical observation complaining of pains 
in the back, joints, and chest It was noted by the medical specialist to 
whom he was referred that the pains were worse when he was under 
emotional stress He was admitted to the Rheumatio Centre m February 
1941 Physical examination showed no abnormal signs and laboratory tests 
were negative He was an intelligent man of good physique who had some 
insight into his condition He thought that the pains did not merit all 
the notice that had been taken of them and he felt worse on the occasions 
when he had felt fear He himself was chiefly worried about the pain which 
affected his chest He related how the same condition had affected him two 
years before at a time when he was having claustrophobia to an extent 
which compelled him to leave picture houses soon after entering them, and 
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to make a long journey to and from the city to avoid underground travel 
His condition had improved, but the pains in his chest persisted On one 
occasion •when he had a severe cold he had sought medical advice and been 
told that ho had a mild bronohitis and muscular rheumatism The chest 
pains, which were dosonbed as a tightness or a dull pressure, had never been 
completely relieved Further investigation showed that he had a well marked 
phobia for pulmonary tuberoulosis, a condition upon which his anxiety had 
been focused about two years before, and was doubtless connected with the 
fact that both a near relative and his best friend had died of that disease 
At the same time a nurse had made what was to him a disturbing remark 
about lus appearance and suggested an X-ray examination of the chest 
Anxiety symptoms had been present in his earlior life At the age of 8 years 
he used to panic whenever a sweater was pulled over his head, and at 
the ago of 14 years he had had acute claustrophobia m chapel at school 
He had fainted on one occasion after a slight cut On the other hand, he 
was not unduly timid and had done some useful work during the early 
bombing attacks on London, showing a good sense of duty His mother had 
a chronically over-anxious personality, and several members of the family 
were regarded ns very nervous His elder brother was considered to be 
* highly strung’ Tho patient responded well to psychotherapy, and his pains 
disappeared as his anxiety receded into the background He was taken off 
flying duties, but retained in the service Ho was seen by one of us a year 
later when the question of his fitness for overseas service came under con- 
sideration His condition had remained satisfactory and only occasionally 
had ho been aware of mild anxiety feelings ’ Ho was working efficiently in 
a responsible ground occupation 


Depressive states Three patients, aged 46, 43, and 29 years, are included 
in this group, and in each case tho condition was one of mild endogenous 
depression, a condition which frequently gives riBe to difficulty m diagnosis 
Such cases are often missed or misjudged and, since the patient feels very 
different from Ins usual self and has difficulty in describing the change which 
has occurred, it is not uncommon to find some somatic symptoms or signs 
becoming the focus of attention The following brief description of one of 
tho patients is given 


Case 41, aged 46 years, was admitted to the Rheumatic Centre in March 
1941 complaining of pains in his back, shoulders, and chest, of which he had 
first become aware in November 1940 He had been treated with massage 
at tho Station Sick Quarters without relief He also complained of sleep 
disturbances at this time He carried on until January 1941 when he became 
worse and developed headaches of such frequency and intensity that he had 
to give up his duties He was a well-developed man of pyknic build, an able, 
energetic, somewhat obsessional personality who had a good last war record, 
had been an accomplished athlete, and had held some responsible posts in 
the coal-mining industry in civil life He had come back into the service 
from the Reserve as a machine-gun instructor His previous health had been 
cood with the exception of a period m hospital m 1 926 for what might have 
been a duodenal ulcer He remembered, however, two occasions in the past 
when for no very obvious reason he had been low-spirited for a period 
extending over five or six weeks On admission physical examination showed 
no abnormal signs suggestive of any rheumatic condition An X-ray exami- 
nation of his tilth showed one with an apical abscess, the removal of which 
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did not affect his mental state In the previous November he had noticed 
that he was low-spinted and not sleeping as well as usual By January, 
when he had to stop work he stated that he felt worse and the difficulty m 
lecturing had finally ‘ got him down ’ Actually the psychomotor retardation 
which is so often a feature of this condition was rendering him unable to 
maintain an orderly sequence of explanation and discussion in his lectures, 
and after admission to hospital he still experienced this difficulty in thinking 
clearly when he was reading or writing letters His ideas tended to be self- 
depreciatory and his sleep disturbance was of the early waking variety He 
descnbedthe headache of which he complained as ‘a tight band round his 
head ’ The family history was not good, but showed no other illness of this 
kind He improved considerably with hospital treatment, but had not fully 
recovered when he was sent home on sick leave It was arranged that he 
should be employed on suitable light duties in the expectation that he would 
make a full recovery m reasonable time t 

Diagnosis The diagnosis m these cases is difficult The complaint of pain 
is something which can be neither proved nor disproved, and oven when all 
physical signs are lacking the physician is rightly loath to assume a psyoho- 
gemo basis for the patient’s complaint When, as in some of our cases, the 
start of the condition coincided with a nasopharyngitis accompanied by 
a slight rise of temperature or a raised erythrooyte sedimentation rate, the 
diagnosis became impossible until further observation and the progress of 
the case threw more light on the problem A further difficulty arises when 
a doubtful physical sign is elicited Consequently little exception can be 
taken to the initial diagnosis m many of these cases, but it appeared to us 
as time went on and response to treatment was disappointing that the 
possibility of a psyohogemo reaction had not been considered sufficiently 
often The indications leading up to the diagnosis are the attitude of the 
patient, the history of vague pains and doubtful joint involvement, long 
periods of semi-invalidism and absence from work, and similar conditions 
prevailing among other members of the family The absence of objective 
evidence of rheumatism or any other physical disability and the character- 
istic reaotion of the patient help to determine the true condition In true 
so-called fibrositis the pam is localized to a single muscle or group of muscles, 
hysterical features are not present, and the condition is much more amenable 
to treatment by physical methods Long periods of invalidism spread over 
many months or years do not occur In fibrositis the blood is described as 
occasionally showing a leucooytosis, but the sedimentation rate is generally 
normal In other conditions of the rheumatic group likely to lead to 
confusion a raised sedimentation rate will indicate an organic lesion 

Treatment Short psychiatric methods of treatment were used in the 
majority of patients of this group The few who required longer observation 
and treatment were transferred to the psychiatric beds Otherwise the 
methods employed were those of explanation, persuasion, and re-education 
Overt hysterical manifestations such as bizarre gaits were usually adjusted 
at the first interview in the way described by Hurst (Gordon, 1919) m 
his hysterioal cases of the last war, and their progress was maintained by 
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tbo physical training non-commissioned officer who had an aptitude for this 
typo of rehabilitation In addition, a decision had to he made on the desira- 
bility of retaining the patient in the service There were patients whom it 
was possible to help and who returned to duty Others were constitutionally 
unfitted for and unable to adapt themselves to a service life Others again 
displayed a degree of selfishness which was at least as conspicuous as their 
neurosis There is much difference of opinion as to how far this last group 
can bo or should be compelled to remain m the service At the time of the 
present investigation tho Royal Air Force pohey was to invalid neurotic 
personnel who were unlikely to be an asset, and consequently about 50 per 
cont of our patients wore invalided 


Discussion 

The psychological factors m rheumatic conditions have attracted consider- 
able interest in recent years and inquiry has proceeded m two mam but to 
6ome extent interrelated directions Firstly, some groups of undoubted 
organic disorders such as chronic arthritis have been investigated with a view 
to determining whothor personality anomalies and emotional states hove 
played a significant part in tho aetiology The work of Nissen and Spencer 
(1930) and Booth (1937) m America are examples of this method of approaoli, 
while Ellman and Mitchell (1936) among others in this country have made 
a contribution to the problem Swam and Harris (1938) and McGregor 
(1939) have stressed tho part played by emotional reactions in the aetiology 
of rhoumatoid arthritis, and Halliday (1937) has made the observation 
that of six patients with rheumatoid arthritis seen m one year three had 
arisen in the course of anxiety psychoneurotic states We have not had 
an opportunity to investigate sufficient cases of arthritis from this point of 
view, and the present work has no direct bearing on the matter Secondly, 
a large group of cases, whose precise organic nature is much less clear, has 
been studied by a number of workers The tendency to apply the name 
rheumatism or fibrosftis to conditions m which the ohief complaint is one 
of pam referred to muscles, joints, or bones has resulted m the bringing 
together of many conditions of widely different nature and aetiology, and it 
is not surprising to find little general agreement about such an ill-defined 
group, for which Halhday (1941) has used the term ‘ non-arthntio rhou- 
matism 5 Indeed, until recently American physicians have been inclined to 
doubt the existence of fibrositis, and in the ciroumstances it is not unexpected 
that many cases have been found to present psychogenic features on oloser 
examination 

The suggestion that a number of patients m this group show undoubted 
psychogenic reactions has commanded increasing agreement, specially with 
regard to those in whom the disability has persisted for several months In 
the last war Hurst (Gordon, 1919) commented on the foot that rheumatism m 
service patients did not respond to spa treatment as well as it did in civibans 
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Gordon (1919, 1939), from work amongst service patients, also made contri- 
butions on the hysterical complications of * rheumatism ’ and reminded us that 
Sir James Paget m 1867 had written on the same subject Halkday (1937) 
in a review of 145 consecutive patients labelled rheumatism (they inoluded 
cases of fibrositis, lumbago, neuritis, and sciatica) came to the conclusion that 
39 per cent were incapacitated because of psycboneuroses, and in a second 
inquiry into 62 cases regarded 37 per cent as disabled because of psyoho- 
neurotic disturbances Furthermore, he considered that the incidence of 
psychoneurotic ‘rheumatism’ rises further to between 40 and 60 per cent if 
only those patients are considered who have been on the sick list for two 
months or more Gordon also agrees that fibrositis-like complaints are found 
in hysteria, anxiety states, and depressive states In a recent medical and 
psychiatric investigation of 50 civilian and service cases labelled fibrositis, 
all of whom had been ill for more than three months, Ellman, Savage, 
Wittkower, and Rodger (1942) found that 35 showed significant psychological 
disorder, 25 showing hysterical features, seven suffering from anxiety states, 
and three from depressive states It is useful to follow McGregor’s (1939) 
description and regard the non-arthritio group as falling into two general 
categories Firstly, those cases in which there is suggestive evidence of an 
inflammatory process affecting muscles, nerves, or periarticular tissues and 
there may be some general disturbance present manifesting itself by pyrexia 
and definitely painful areas Many such cases are termed ‘true fibrositis’ 
and in some of them psychogenic factors have been thought possibly to have 
influenced the onset and been related to exacerbations and prolongations of 
the condition Secondly, those patients who complain of pain and stiffness 
and in whom the physical examination is negative Here there is more 
general agreement that many are psyohogenio m origin, specially when the 
condition has persisted for many months Some show localized pam and 
stiffness, and m many it has been considered that hystenoal prolongation of 
a mild attack of fibrositis or arthritis may be present Others complain of 
generalized body pams, and again the physical examination may be negative 
In this last group Ellman, Savage, Wittkower, and Rodger (1942) found that 
the complaints of 'shifting pam’ and ‘pam all over the body’ were confined 
to those patients with significant psychological disorder 
The contribution which the psychiatric examination can make to the final 
diagnosis involves a principle which is not always fully appreciated, namely, 
that failure to make the diagnosis of physical disease after reasonable observa- 
tion, investigation, and adequate examination does not necessarily prove that 
the condition is functional Positive evidence on the psychiatric side should be 
forthcoming before suoh a conclusion is reached The patient should bo the 
kind of person likely to be the subject of a neurotic reaction, and an adequate 
reason to explain why he has developed the symptoms at the time should be 
discovered The individual is constantly reacting to a frequently changing 
environment and a neurosis is the result of an interplay between the indi- 
vidual and the stresses to which he is exposed In the present war various 
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investigators have found that the majority of service men who break down 
with neurosis aro predisposed to neurotic illness, and that there is a relation- 
ship between predisposition and stress In an airman who shows little or no 
predisposition a considerable amount of operational stress is required before 
he develops a neurosis, hut in a heavily predisposed subject a slight degree 
of stress may precipitate the illness In none of our cases was the stress more 
than that involved m the vicissitudes and ordinary day-to-day difficulties of 
eorvico life An estimate of predisposition in the present series shows that 
35 of the 42 cases would have been rated ns 'severely predisposed’ From 
tho investigation of control groups in the Royal Air Force there is reason to 
behove that not moro than three per cent of the normal serving airmen are 
'severely predisposed’ Wo have been unable to examine from this point of 
view moro than 20 of our convalescent rheumatic fever group, but our results 
approximate to the findings of other workors Two other faotors seemed to 
us strong evidence against an organic complaint The first may be termed 
tho easy reversibility of the pains and the way m which they appeared and 
disappeared with the emotional changes in the patient This fact was striking 
m the day-to-day observation of patients m this group The second was the 
way m which the pains disappeared m response to psychotherapy in those 
men of reasonably good personality 

There has boon much speculation about the nature of the pains complained 
of by these patients Halliday (1941) has suggested that they are purely 
symbolic m nature as expressive of a state of mind and aro being consciously 
or unconsciously used by the patient os a protest against the situation in 
which he finds himself, or ns an escape from the obligations which itre imposed 
upon him by circumstances Gordon (1940), on tho other hand, states that 
since some degreo of fibrositis is nearly always discoverable in the form of 
nodules which may be 1 sub-symptomatic ’, it is a matter for argument whether 
the pain is entirely symbolic, that is, originating exclusively m the sensormm, 
or whether the patient is using a mild degree of discomfort consciously or 
unconsciously to achieve an object Ellman, Savage, Wittkower, and Rodger 
(1942) consider that tho inhibition of aggressive elements in tho personality 
of many of those patients may result in muscular tension felt by the individual 
as pam and limitation of movement and erroneously interpreted by the 
examining dootor as fibrositis It is unlikely that any one explanation will 
fit every case As Guttmann and Mayer-Gross (1943) have recently pointed 
out, pam is a psychobiological phenomenon, and, apart from its anatomical 
and physiological aspects whioh have received much attention, it also has 
a psychological side which has been investigated less thoroughly We can 
easily recall many different types of disordered mental states m which various 
Bensations, including that of pam, appear to be one of the accompaniments 
of emotional change The generalized mild aching after a prolonged period of 
nervous tension is not unknown to many of us, as are alBO the feelings 
of fatigue m a similar situation When the latter, due possibly to some 
persistent conflict in a predisposed subject, appear too readily and fre- 
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qnently, we have the chief presenting symptom of a neurasthemo state or 
fatigue syndrome of psychological ongm In a similar way aching may 
become readily and frequently induced On the other hand, another factor, 
as Gordon (1936) has pointed out, is the possible variation m the individual's 
threshold for the appreciation of his bodily sensations That such sensations 
are constantly present in many parts of the body can be appreciated during 
a brief period of introspection, although they rarely enter into the conscious- 
ness of the ordinary healthy person It may be that the threshold for the 
appreciation of such sensations is lowered in some cases of neurosis 

It is likely that other factors operate in firing the patient’s attention on 
his bodily sensations A former organic rheumatic condition with, as it were, 
a past mental impress of pain seems a likely factor Similarly a high in- 
cidence of rheumatic conditions, real or functional, m the family may play 
a part as well as the total family attitude to illness An iatrogenic factor 
has occasionally appeared At times the choice may be a conscious one, as 
suggested by the fact that a few of the patients in the present series ceased 
to complain of pam and adopted the more conventional neurotic complaints 
based possibly on a behef that the rate of discharge at the Neurosis Centre 
was higher than at the Rheumatic Centre Nevertheless, we regarded none 
of our patients as frank malingerers Whatever may be the explanation of 
the complaint of bodily pains, we felt that we were dealing in these cases 
with what were primarily neurotic reactions, and from the point of view of 
diagnosis and treatment we considered that the pains merit no more special 
attention than, for instance, the tachycardia of an anxiety state 

It might bo considered that some of the cases, like those mentioned by 
Beeson and Scott (1942), were examples of personality changes secondary to 
generalized fibrositis which had persisted for some time in a subacute state 
These writers have described some epidemiological studies on acute myalgia 
In their description of a case progressing to a generahzed fibrositis they note 
that a striking effect of the illness was a personality change from a natural 
cheerfulness to spells of depression and discouragement, and add that the 
behaviour during the acute stage could easily lead to a mistaken diagnosis 
of psychoneuro3is We were unable to find any examples of this sequence of 
events Rather than any change m personality we found a further develop- 
ment of a personality structure which had always been part of the individual's 
general constitution This finding is m agreement with Ellman, Savage, 
Wittkower, and Rodger (1942), who noted in their series that the possibdity 
of secondary psychological changes due to the prolonged nature of the physical 
disorder can safely be excluded m the majority of cases, since psychological 
abnormalities were absent even in the cases of very long standing where 
the complaint was sufficiently explained by the presence of gross structural 
lesions 

The most suitable diagnostic term to apply to this group is a problem 
The chief difficulty centres round the length of time which may elapse before 

the diagnosis of neurosis is possible or is actually made, specially m those 
IQJ. 1 I hew Serin ho. 61) q 
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cases whore a physical disability may have been present at the start Often 
the diagnosis of rheumatism is firmly implanted m the patient’s mind before 
the psychogenic nature of tho condition becomes clear The term psycho- 
genic rheumatism, although possibly useful m cases where psychogenic and 
organic factors are both present, does not seem to bo suitable Similarly the 
term ‘fibrositis’ is not, for obvious reasons, desirable We favour the use of 
the psychiatric term which is applicable to eaoh case 


Summary 

1 About 42 per cent of patients admitted to a Royal Air Force special 
Rhoumatic Centro over a period of 12 months showed significant psycho- 
logical disorder 

2 This group of 42 patients who complained of a generalized bodily pam 
is described It was considered that tho disability was essentially psychogenic 

3 The causation, treatment, and disposal of such cases are discussed and 
oase histones are described 

Wo are indebted to Air Commodore J J Conyboaro and Air Commodore 
R D Gillespie for their advice and cntioism dunng the preparation of this 
paper 
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ANAEMIA ASSOCIATED WITH UNIDENTIFIED ERYTHRO- 
CYTIC INCLUSIONS, AFTER SPLENECTOMY 1 

By ALWIN M PAPPENHEIMER, WILLIAM P THOMPSON, 
DONALD D PARKER, and KATHARINE EDSALL SMITH 

(From the Departments of Pathology and of Medicine, College of Physicians 
and Surgeons, Columbia University, New York) 

With Plates 1 to 6 

We have recently had occasion to observe three cases of anaemia, two 
ending fatally, m which the red blood- cells contamed iron-reactmg mtra- 
corpuscular structures the nature of which has not been determined They 
appeared only after splenectomy We wish to present in some detail studies 
which have been made of these bodies, and to discuss their possible signifi- 
cance m relation to the anaemias 

Case. Reports 

Case 1 BK History 713686 A 33-year-old white American housewife 
was admitted to the medical wards of the Presbyterian Hospital on June 18, 
1943, with a six to eight weeks history of increasing fatigue, ankle oedema, 
and dyspnoea A moderate degree of jaundice had appeared and persisted, 
and polyuria had been annoying One week before admission, she became 
aware of a sense of swelling and tenderness m the epigastrium There had 
been no pam and no recognized fever 

She was bom in Pennsylvania, but had moved to New York City at an 
early age, where she had lived ever since She had never been out of this 
immediate neighbourhood, had been unusually well and vigorous, and knew 
of no possible contact with any toxic agents 

Family history The patient had three sisters, two of whom had irrelevant 
medical histories The third sister had at the age of 12 years a traumatic 
rupture of the spleen, followed by splenectomy She is now in another 
hospital for treatment of bleeding oesophageal varices The patient had been 
married twice in the previous 15 years A son, now 12 years old, by her first 
husband was in excellent health and presented no abnormalities His peri- 
pheral blood count was normal Another son, by her second husband, was 
Gi years of age This boy when 13 months old was admitted to the Knicker- 
bocker Hospital because of increasing pallor for two months, and a two- 
weeks febnlo respiratory infection A transcript of the hospital record 
describes clinical and X-ray evidence of a diffuse bronchopneumonia In 
addition, he was found to have a very large spleen and severe anaemia 
A tentative diagnosis of chronic myeloid leukaemia was made, three trans- 
fusions were given, and he was discharged two months later, having recovered 

1 Receivod December 27, 1044 A preliminary report of our observations has appeared 
in tho Proceedings of the Society of Experimental Biology and Medicine, 1944 , 56, 146 
[Q JJS. Ne» Stria !>o. 54) 
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from the pnoumoma Through the courtesy of Dr N Rosenthal, we have 
been able to examine Wright stained smears taken at this time, in which, 
after long search, three cells were found containing structures illustrated in 
Plato 1, Fig 36 This boy is still pale with a slight yellowish tint to the 
sclorao Ho has moderate gcnoral lymphnodc enlargement and an enormous 
spleen reaching to the iliac crest A recent search of blood and centrifuged 
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Inked sediment for rntra-erythrocytic bodies was negative A blood count 
taken at the Willard Parker Hospital showed red cells 4,120,000 per c mm , 
white cells 12,400 por c mm , and haemoglobin 60 per cent The differential 
count showed few immature cells 

Physical examination At tho time of admission, T=101°F, P=112, 
R = 23, blood-pressure = 130/40 She was a well-developed, slightly icteric 
woman Small soft lymphnodes were palpable in both axillae and cervical 
regions Heart, left border of dullness and point of maximum impulse 8 cm 
from midlino, sounds extremely loud and forceful, soft systolic murmur 
loudest at apex, regular sinus rhythm The spleen tip was at the level of the 
umbilicus, and the hver edge could be felt three fingers below the rib margin 
Both liver and spleen were tender Moderate ankle oedema Physioal 
examination otherwise negative 

Tho urine was normal, serum-bihrubm 2 5 mg per 100 c c , phosphatase 2 
Bodansky units, albumin 3 8 gm per 100 c c , globulin 1 5 gm per 100 c c 
Kline and Wassermann tests + + + + Cephakn flocculation — b + + 
Fragility of red cells to liypotomo saline, normal Blood cultures sterile 
Gastric analj'sis, no free hydrochloric acid after histamine X-ray of chest 
showed sbght cardiac enlargement, pulmonary congestion in both lung fields, 
and slight amount of fluid at right base 

Course The patient remained m the hospital untd her death, eight weeks 
after admission During her stay, the temperature remained irregularly 
elevated, ranging between 99° and 103° (Fig 1) The blood counts are shown 
in Table I Nucleated red cells were numerous at all times, on one occasion 
being six times the number of leucocytes Smears invariably showed amso- 
cytosis, poikilocytosis, polychromatophilia, and basophiko stippling the 
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mean corpuscular diameter was 8 9 p at one determination, 8 7 p at another 
The fragility to hypo t-omc saline was not significantly altered as compared 
with normal control Reticulocytes were always greatly increased The total 
leucocyte count, until splenectomy was performed on July 30, 1943, was 
within the normal range, after operation, there was leucocytosis until her 
death The differential count never showed any striking deviation from the 





days I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

AUG 


Fig 1 

normal. There was no eosmophika Occasional myelocytes were seen, never 
exceeding 3 per cent The platelet counts, before splenectomy, were low 
After operation they rose gradually to 283,000 per c mm (August 4, 1943) 
Plasma-proteins were slightly low, there was no alteration in the albumin- 
globulin ratio Non-protem nitrogen was not increased, and the urine, save 
for an occasional trace of albumin, remained normal 

Treatment The patient, before admission, had received liver extract orally, 
and beginning on July 6, 1943, was given 1 c c of Lilly’s crude liver extract 
and 1 c c of Lederle’s concentrated extract usually every other day She 
received ropeated transfusions of whole blood, red cells in saline, and plasma 
Because of the repeated positive Wassermann and Kline tests, anti luetic 
treatment with bismo-cymol and potassium iodide was briefly tried All 
these measures proving without benefit, splenectomy was performed by 
Dr "Whipple (July 30, 1943) The operation was well tolerated, but had 
little influence upon the subsequent course However, examination of Wright 
stained blood smears after removal of the spleen consistently showed the 
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presence of many small bodies m the orythrooytes (Plates 1 and 2, Figs 
3 a and 4) Theso will bo described m detail below 

Pathology Sternal marrow biopsy was taken before splenectomy Smears 
and sections examined by Dr Kesten disolosed a predominance of nucleated 
red cells, especialty younger elements The marrow was very hyperplastic, 
thoro were many young blast forms possessing nucleoli and identified as 
mcgaloblnsts Mitotic figures were numorous Megakaryocytes and myelocytes 
were reduced m number No haomosiderin was present, and no phagooytosis 
of red cells by rcticulo endothelial elements The spleen, removed at opera- 
tion, weighed 1,100 gm The cut surface was cheny red, the folholes distinct 
There Was no evidonco of fibrosis Smears and sections showed splenic 
elements in normal proportions The venous sinuses were rather wide, and 
tlicir endothelial cells conspicuous No diagnosis was made 

Autopsy report (14203) The examination was performed four hours after 
death by Dr Herbert Stoerk A well-developed, moderately well-nounshed 
woman of asthenic habitus No cutaneous eruption Moderately enlarged 
lymphnodcs are palpable m neck, axillae, and inguinal regions 

Peritoneal cavity contains 250 c o of clear greenish-yellow fluid Serosa 
smooth No haemorrhage m operative region Liver extends 14 cm below 
xiphoid process, 14 cm below costal margin m right mid-clavicular line, and 
8 cm in left mid-clavicular line Right pleural cavity contains 760 c c of 
clear fluid, left contains no fluid Pericardial sac contains 220 c c of clear 
fluid 

Heart Moderately enlarged, w eighs 420 gm There are no valvular lesions 
There is rather distinct ‘tigering’ of the trabeculae and papillary musoles of 
the left ventricle 

Lungs Right weighs 7G0 gm , left 680 gm Right lower lobe almost 
completely collapsed, dark red, almost non-crepitant on section Remaining 
lung parenchyma is pale and moist 

Liver Greatly enlarged, weighing 3,720 gm , and measuring 32 x 20 x 10 
cm Surface smooth Organ is firm on section, the lobular structure not 
distinct Parenchyma has a distinctly rusty tinge Bile ducts are patent 
throughout Gall bladder contains viscid greenish bile, and appears normal 
Pancreas Normal 

Adrenals Cortex contains moderate amount of lipoid 
Kidneys Normal m size, each weighing 200 gm They are pale, but not 
otherwise abnormal 


Pelvic organs Not remarkable 
Alimentary tract Normal throughout 
Keel organs Not remarkable 

Bone marrow of sternum, ribs, vertebrae, and femur is intense deep red 
Lymphnodcs Generalized enlargement, the most conspicuously enlarged 
being the peripancreatic and aortic nodes The largest measures 3 6 cm m 
length For the most part, they are of uniform grey colour with a slight 
brownish tinge, but some present irregular areas of haemorrhage 
Brain and spinal cord Not removed 

Histological examination The myocardium and lungs show nothing of 
interest Liver, architecture well preserved The bver oells contain abun- 
dant haemosiderm, giving a positive iron reaction There are occasional 
bile plugs in the canaliculi The Kupffer cells are large and swollen, often 
contain phagocytosed erythrocytes, and m Giemsa stained preparation, b me 
stamme bodies to be described below The portal spaces appear somewhat 
otMematous! but present no excess of collagen They contain occasional 
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eosinophil myelocytes, and rare megakaryocytes There are a few areas of 
focal necrosis, the dead liver cells are being invaded by polymorphonnclears 
The liver reticulum (Foot-Bielschowsky stain) shows normal arrangement 
and is not increased 

Bone marrow Similar to sternal marrow already described, presentmg 
predominantly nucleated red cells, with an abundanoe of megaloblasts 
Eosinophil myelocytes are quite numerous The endothelial and reticular 
cells contain bluish staining bodies to be described below 

Lymphnodes The first examined is moderately enlarged The cortex 
consists of normal lymphatic tissue with rather small follicles Germinal 
centres are small The connective tissue of the hilus is oedematous A few 
trabeculae show proliferation of the sinus endothelium with formation of 
minute angioma-like structures In the second the sinuses are very wide and 
contain histiocytes, many of which are filled with ingested red corpuscles 
There are numerous megakaryocytes, and eosinophil myelooytes are also to be 
found The trabeculae appear heavier than normal, and present, in addition 
to an increase in collagen, a rather marked angioblastic proliferation of the 
endothelium In many places the sinuses contain blood 

Blue staining bodies can be demonstrated in Giemsa stained sections, 
within endothelial cells and histiocytes 

Sections of panoreas, kidney, and uterus show nothing remarkable The 
cervix is the seat of mild chrome inflammatory changes There are minute 
ulcerations of the vaginal mucosa, with a rather intense chronic inflammatory 
reaction There are occasional small papillary formations Gastnc mucosa 
One section shows that acidophilic cells are numerous , there is little atrophy 
Another section contains no acid cells Other organs not remarkable 

Anatomical diagnosis Haemolytic anaemia, cause undetermined , spleno- 
megaly , hyperplasia of bone marrow , focal neorosis and haemosiderosis of 
liver , icterus , oedema of lungs , ascites , anasarca , granular colpitis 

Case 2 C R History 715843 The patient, a white woman, steno- 
grapher, 23 years of age, was admitted to the Presbyterian Hospital on 
July 19, 1943, and died on September 13, 1943 Her chief complaints were 
weakness, jaundice, and anaemia for the preceding eight weeks 

Past history She was bom m New Jersey and had always lived there 
Family history, irrelevant 

Present illness Eight months before admission, she had had an attack of 
vomiting and diarrhoea after eating pork The symptoms disappeared, but 
at intervals thereafter there were periods of three or four days when the 
sclerae were noted to be yellow The urine was never dark or the stools 
clay coloured Eight weeks before admission, fatigue became a prominent 
symptom She was given liver, and perhaps iron Five weeks before admission , 
she entered St Peter’s Hospital m New Brunswick The important findings 
while she was there were — icteric index 75, haemoglobin 12 per cent, red 
colls 780,000 per c mm , and white cells 3, GOO per c mm Transfusions could 
not be given at first because of agglutination of donor’s cells with patient’s 
serum She was given plasma, glucose, and saline; then nine transfusions, 
beginning with small amounts to which she reacted with fever and chills 
Because of increasing anaemia, she was referred to the spleen clinic and was 
promptly admitted to the medical wards 

Physical examination T = 103° F , P = 130, R = 2G, blood-pressure = 130/04 
Skin of lemon yellow tint Sclerae jaundiced No enlargement of lympli- 
nodcs. Heart rapid, not enlarged, systolic murmur all over praecordium 
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Abdomon soft Liver felt at costal margin Spleen two fingers’ breadths below 
costal margin, firm, not tender Reflexes normal 

Laboratory findings on admission July 19, 1943 Klme test negative 
haemoglobin 2 0 gm per 100 c c (20 per cent ), red cells 820,000 per o mm * 
white cells 19,000 per c mm , platelets 171,000 per c mm , and reticulocytes 
19 8 per cent Differential count neutrophils 79 per cent , lymphocytes 
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12 per cent, mononuclears 5 per cent, basophils 3 per cent, eosinophils 
1 por cent Nucleated reds 72/100 white cells Patient’s blood was found to 
be Rli positive, in several tests Sedimentation rate 170 mm in 20 minutes 
Red cells in smears showed marked amsooytosis, poikilooytosis, and poly- 
chromatophilia , there were some microcytes, but they did not appear 
spherical Serum urea nitrogen 12 mg per 100 c o , bilirubin 8 mg per 100 o a 
Stool dark brown, guaiac test negative, urobilin ++ Urine albumen + 
to _j — j_ , oooasional leucocytes, no red cells or casts , urobilin ++ Variable 
response of red cells to hypotomo saline 

Course In the week after admission the patient was given two small 
transfusions of whole blood, and had ohilly sensations with rise of tempera- 
ture to 105° F after each As there was no significant ohange in her blood 
counts which are shown m Table II, she was transferred to the surgical 
service' and spleneotomy performed on July 25 by Dr Whipple Report on 
surgical specimen of spleen (M P 4827) by Dr Homer Kesten was as follows 
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‘The organ is dark red, moist, weighs 550 gm The Malpighian bodies vary 
m size, some bemg encroached npon by pulp that is rich in blood About 
many of them are numerous eosinophils and neutrophils The pulp cords are 
wide, paoked with red cells, and m many areas they contain numerous mature 
polymorphonuclears and eosinophils A little haemosidenn is also present 
The outstanding feature m this section is widespread haematopoiesis within 




Fig 2 


most of the venous sinuses Islands of red-cell formation and of white cells 
are numerous, the former including erythroblasts and normoblasts, the latter 
bemg composed of myelocytes and mature polymorphonuclears An occa- 
sional megakaryocyte is also present The lining cells of the sinuses are not 
remarkable Phagocytosis of red cells by reticulum cells is occasionally 
seen ’ 

The patient’s condition did not improve after splenectomy She received 
many transfusions, usually of 250 c c , after which the temperature rose 
immediately to 102° to 105° F The haemoglobin was as low as 1 5 gm per 
100 c c and the red cells on one count as low as 400,000 per c mm The 
leucocytes were usually elevated, at times to 43,000 per c mm , with 93 per 
cent neutrophils Reticulocytes were high, up to 23 6 per cent The patient’s 
best response followed administration of red blood-cells suspended in saline 
She had no reaction, and subjective improvement was marked but transient 
Later, washed cells wore injected, and when she was transferred back to the 
medical service on August 24, her red cells were 1,960,000 per c mm In 
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spito of these episodes of temporary improvement, the haemolytio process 
continued and the high swinging fever persisted (Fig 2) On September 8 
the white cells were unexpectedly found to be 800 per c mm , lymphocytes 
100 per cent Tho classical features of agranulocytic angina rapidly appeared 
the temperature rose to 106° F , tho white cells dropped to 100 per c mm * 
a gangrenous stomatitis and pharyngitis appeared, and she died on September 
13 The bodies, to be described below, appeared m the red blood cells after 
splonectomy, and were continuously present until death (Plate 1, Fur 3 C 
Plato 2, Fig 5) 

Autopsy (14222) Performed by Dr Edith Sproul General status Avery 
thin, young white female Irregular areas of ecchymosis over anterior as well 
ns posterior portion of tho body Several small non-mdurated crusted lesions 
1 to 3 mm across are scattered over exterior surfaces of arms and legs 
The sclera and conjunctiva of tho right eye are injected and swollen No 
enlargement of superficial lymphnodes On right aspect of labium majus is 
a deeply pigmented mole 1 cm in diameter No oedema of extremities 

Peritoneal cavity contains 250 c c of light-coloured clear fluid Fibrous 
adhesions m region of splenectomy 

Thoracic cavity Small amount of clear fluid m each pleural cavity, 100 cc 
in pericardial saa 

Heart Weighs 320 gm , no significant lesions 

Lungs Right weighs 5C0 gm , left 420 gm In lateral and posterior 
portions, parenchyma is boggy, mottled dark purple Bronchi contain 
stringy mucoid secretion The greater part of each lung appears normal in 
section, but there aTe partially confluent, bright red areas m posterior halves, 
sometimes studded with bright yellow dots No abscess formation or evidence 
of organization 

Accessory spleen Near tail of pancreas there is a round encapsulated 
mass, about G cm m diameter, composed of bright red splenic pulp traversed 
across tho middlo by a yellow linear area of necrosis Extending out from 
this are fibrous septa which divide tho mass imperfectly into several distinct 
lobules No follicles are visible, and trnbeoulae cannot be made out with 
certainty 

Liver Weighs 1,960 gm and is of normal shape Lobular structure is 
indistinct Tho parenchyma is light orange-yellow in colour, suggesting the 
presence of abundant haemosiderm 

Gall bladder contains a free pigment stone, 3 cm m diameter, otherwise 


normal 

Pancreas , hdneys, and adrenals Not remarkable 

Pdvic organs Vaginal wall is partly covered with tenacious green, granular, 
exudate, extending up over vaginal surface of cervix. No other abnormal 
changes 

Neel organs Base of tongue, tonsillar region, uvula, and posterior pharyn- 
geal region are covered by thick green exudate, under which mucosa is 
congested and haemorrhagic There is marked oedema of aryteno-epiglottio 
folds and epiglottis Thyroid and parathyroid not abnormal 

Alimentary tract Oesophagus shows bile staining and superficial ulcera- 
tion Stomach, normal In second and third portion of duodenum and in 
scattered areas of jejunum, flecks of adherent, bile-stamed exudate are found 
Lymphnodes Intra-abdominal nodes have distinct rusty colour, suggesting 
nresence of haemosiderm Elsewhere they are not grossly abnormal 

Bcme marrow oi sternum, femur, nbs, and vertebrae is moist and bright red 
Brain and spinal cord Not removed 
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Histological examination Heart, one small area of necrosis, involving not 
more than three fibres, is found , no other significant lesions 

Lung There is no exudate on pleural surface, but all alveoli contain some 
inflammatory exudate varying m degree and kind For the most part it is 
of delicate fibrin and protein precipitate In other areas there are masses of 
bacteria and occasional spore-containing mycelial filaments There is little 
polymorphonuclear leucocytic response Alveolar capillaries are intensely 
congested, and there are occasional small haemorrhages 

Accessory spleen Capsule thickened There is a marked degree of fibrosis 
through many areas of parenchyma Sinusoids are small, usually empty of 
blood, but there is much blood m the pulp cords The few follicles which can 
be identified are deficient m lymphocytes Extending across mid-portion of 
section is an area of necrosis staining deeply with eosrn, and with muoh 
nuclear fragmentation At the periphery of this is well-formed collagenous 
tissue with haemosidenn and haematoidin m abundance, and occasional iron 
incrustations of elastic fibres Haemosidenn is abundant m phagocytic cells 
within the pulp There are very few areas of haematopoiesis Giemsa stain 
brings out several additional features 1 Mycehal-hke filaments, irregularly 
distributed through pulp 2 Minute, deeply blue-stained coccoid and often 
diploid bodies in the cytoplasm of the endothelial cells lining the sinusoids 
(Plate 2, Fig 6) 3 No bodies are recognizable within or upon the red cells, 
but these are less well preserved than in the operatively removed spleen, 
where they are readily identified 

Liver The capsule is normal There is some variation in the size of the 
lobules, chiefly due to collapse and fibrosis m scattered zones Where it is 
present, an area occupying about one-third of the lobule includes no liver 
cells, has delicate fibrous tissue with capillaries, and many phagocytic cells 
containing a brown refractive coarse pigment There is no active necrosis of 
liver cells For the most part these areas are exactly in the centre of the 
lobules, but occasionally they are present m the mid-portion Elsewhere 
liver cells are of average size, but frequently contain small vacuoles A 
moderate amount of coarse refractive pigment is present in many of the liver 
cells as well as m Kupfior cells There is no enlargement or cellular infiltra- 
tion of the portal spaces Giemsa stain the Kupfier cells contam, m addition 
to refractive brownish pigment granules of varying size, smaller deeply blue 
stained bodies, sometimes m diploid or tetrad form Iron stain in addition 
to the ferruginous pigment, there are minute bodies within the Kupffer cells 
which stain with fuchsm counterstain , there is abundant haemosidenn within 
the liver cells 

Pancreas No significant change 

Adrenals The cortical cells are depleted of lipoids 

Kidneys Not remarkable 

Vagina The epithelium is desquamated and the surface covered by thick 
masses of bacteria, beneath which is a skght mononuclear reaction, accom- 
panied by intense congestion The vaginal surface of the lesion shows similar 
changes Uterus is normal 

Small intestine The mucosa and submucosa are congested, there are 
areas of erosion with more or less complete loss of glandular tissue and re- 
placement by bacteria and long, spore-bearing mycelial filaments There is 
little cellular response, but a few capillaries m the vicinity are occluded by 
fibrin A section of colon shows similar changes 

Abdominal lymphnodes The entire node is depleted of lymphocytes, and 
there is a mild diguse increase m supporting stroma A few areas of complete 
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necrosis, with nuclear fragmentation and coagulation, occur beneath the cap- 
sule Many mononuclear cells throughout the node contain refractile yellow 
pigment Lymph channels arc widely dilated, but they are not hned by 
especially prominent endothelium and they remain empty except for the 
protom precipitate A few plasma colls, some with two nuclei, are present 
Giomsa stain occasional blue-staming coccoid bodies are seen withm the 
sinus endothelial colls or w ithin detached mononuclear cells 

Bono marrow from rib, fomur, sternum, and vertebrae is similar It is 
greatly depleted of haematopoietic cells, intensely congested, and often 
haemorrhagic A few megakaryocytes are present There are many large 
mononuclear phagocytic colls, but very few cells of myeloid or erythroid senes 
Giemsa stain tho largo histiocytes are seen to bo filled with deeply blue 
staining granules These range m size from minute coccoid forms to larger 
bodies the size of a red blood corpuscle One has the impression that the 
larger bodies are formed by the fusion of the smaller ones The granules are 
spherical and ocour over and over again in diploid, less often m tetrad, form, 
resembling bacterial diplococci There are no rods (Plate 2, Pig 7) 

In tho red corpuscles, in favourable fields, and especially well seen in 
smears, one may discern bodies identical with those m the peripheral blood 
They tnke a violaceous or purplish-blue stam in contrast to the intense pure 
blue of tho bodies w ithin the histiocytes Tho bodies withm the histiocytes 
are Gram-negative 

Tho two preceding cases aro obviously most unusual They both presented 
progressive febrilo anaemia, with an undamaged hyperactive marrow unable 
effectively to arrest the progressive anaemia Both had splenomegaly and 
neither benefited by splenectomy Treatment with liver extract and iron 
was ineffective, and transfusion reactions were severe both before and after 
removal of tho spleen In both patients, after operation, peculiar inclusions 
appeared in the erythrocytes The third case, although somewhat similar 
climoally and haematologically, is much less severe and does not seem at 
present to bo rapidly progressing to a fatal termination 


Case. 3 G K History 719863 A 20-year-old, single, Insh-Polish boy 
was admitted to the Presbyterian Hospital on September 7, 1943, for 
investigation of his anaemia and splenomegaly 

Family history Irrelevant 

Past history Bom and lived m northern New Jersey Does not know of 
any previous illnesses Occupation, stock-yard worker No known exposure 
to toxic substances 

Present illness At 13 years the school physician said that he had a mur- 
mur, and restnoted his activities Two years later he was pronounced well, 
and has exercised without restriction since No dyspnoea on exertion Has 
been pale for past five or six years No other symptoms He was rejected by 
Navy, Marines, and Army because of poor vision, but passed his physical 
tests in January, 1943 Because of a cold contracted after exposure, he was 
admitted to the hospital at Camp Dix, where he was told that he had 
anaemia and enlarged spleen While at this hospital he had sternal and 
lvmnhnode biopsy and various laboratory tests The red cell count five 
months ago was said to be about 2,600,000 per o mm He was discharged 

^^ys^^aJamiS^empewture, pulse, and respiration, normal, blood- 
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pressure = 125/60 A very well-developed and well-nourished white boy in 
no distress Skin is oily and pale, but sun-tanned in exposed areas Nail beds 
and mucous membranes very pale No petechiae or jaundice Heart, left 
border 9 cm to left of mid-sternal line m fifth interspace The sounds are 
muscular and strong Blowing systolic murmur heard all over praecordmm, 
transmitted to neck and axilla No rub No diastoho murmur Pulse full, 
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88 per minute The spleen was firm, and palpable three finger breadths below 
costal margin Liver palpable, two to three finger breadths down , not tender 
No masses No visible veins Lymphnodes not enlarged Reflexes normal 
The red cells at all times showed marked amsocytosis, poikilocytosis, and 
hypochromia Nucleated red cells, 1 to 6 per 100 white cells Mean corpus- 
cular diameter, 8 0 p, mean corpuscular haemoglobin, 17 6 per cent (normal 

27 to 32), mean cell volume, 70 5 c p (normal 80 to 95), mean cell haemo- 
globin concentration, 24 9 per cent (normal 33 to 38) Haematocnt, 20 1 to 

28 0 per cent Plasma specific gravity, 1 0245 Plasma proteins, 6 07 gm per 
100 cc Blood group 0 Mother Rh positive Blood fragility, Sept 16,1943, 
haemolysis begins at 0 45, not complete at 0 30, Jan 12, 1944, haemolysis 
begins at 0 425, control 0 450, not complete at 0 325, control 0 325 Pro- 
thrombin time, normal Khno test negative Urine, specific gravity 1,010 
to 1,020, trace of albumin, no casts or red cells Serum proteins (Sept 16, 
1943), 0 0 gm per 100 c c , albumm 5 1, globulin 1 6 Urea nitrogen 11 mg 
per 100 cc Basal metabolic rate +35 per cent Before operation the 
temperature several times reached 100° F 

Course A positive diagnosis, other than anaemia with splenomegaly, could 
not be made, and since the patient had failed to respond to the usual anti- 
anaemic measures, splenectomy was performed on November 10, 1943, by 
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Dr Elliott The pathological report (Dr Homer Kesten) was as follows 
The spleen weighs 420 gm and measures 17 x 0 5 cm It is rather firm, 
rubbery, and has a smooth translucent capsule The parenchyma is dark red,' 
firm, and only moderately moist Some of the follicles are rather large, with 
a diamotor up to 1 mm Two spherical accessory spleens, each having a 
diameter of about 1 7 cm , resemblo the mam organ 

Microscopy Malpighian bodies are small, germinal centres ill defined 
The parenchyma contains great numbers of orythrocytos, but only a moderate 
number of nucleated forms The erythrocytes are undergoing fragmentation, 
and somo of the fragments have been ingested by phagocytic cells Nucleated 
cells are of usual type and present in normal proportions Sinuses, most of 
thorn containing blood, are lined by somewhat conspicuous cuboidal cells 
There is no significant increase m connective tissue A few haemosiderm 
granules are seen m liaematoxyhn-eosm preparations With the iron stain, 
iron-reacting pigment is fairly abundant in the form of fine granules as well 
as larger masses, connective tissue fibres just outside the endothelial cells 
lining tho sinuses arc also impregnated Giemsa stain a rare, tiny purplish 
granule is found within cytoplasm of smus endothelium 

Cultures The micro-organisms obtained will be desonbed below 

The patient recovered from the operation without complications, and re- 
mained practically afebrile He has returned to the out-patient clinic several 
times sinco Ins discharge on December 8, 1943 He received three injections 
of neo-arspkenammo intravenously over a period of six days (0 1, 0 16, 
0 2 gm ) without appreciable effect As appears from Table III, his haemato- 
logical findings have not materially changed, nor has there been any obvious 
change for better or worse in his clinical state 2 

The ultra-erythrocytic bodies, to be described in detail later, were first 
seen on November 12, 1943, two days after operation, and have been present 
m increasing numbers since At the last examination, 66 per cent of the 
erythrocytes were affected (Plate 1, Fig 3 d, Plate 3, Fig 8) 


Study of the Inclusion Bodies 

Bodies in erythrocytes Since autopsy afforded no satisfactory explanation 
of tho nature of the illness of the first two cases, the blood films made during 
life were reviewed In all smears, obtained after splenectomy, bodies such as 
shown in tho accompanying figures (Plates 1 to 3, Figs 3 to 8) were present 
in a fairly large proportion of the erythrocytes With the Wright stain used, 
they appeared as minute coccoid or sbghtly elongated structures, taking for 
the most part a dark reddish-purple or purplish-blue colour, although one 
could sometimes distinguish a bluish component The staining m Giemsa 
solution was identical Rod forms were occasionally found, but were far less 
numerous than the coccoid bodies Diploid forms were often seen, and, not 
infrequently, tetrads The components of a pair were not always of equal 
size, and separation was not always complete The number of the bodies m 
a single erythrooyte varied greatly, from one or two to 20 or more Occa- 
sional bodies, seen m profile, seemed to lie on or immediately beneath the 

. The most recent counts show a slight improvement in his anaemia The mtra- 
erythrooytic bodies, however, are still very numerous 
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surface of the cells Roughly 25 per cent of the cells -were affected No free 
forms were noted They were never found within leucocytes In Giemsa and 
Wright stained smears from Case 3, many of the affected erythrocytes 
appeared to he depleted of haemoglobm save for a narrow rim at the peri- 
phery The bodies, when present, were often concentrated at the margin of 
the cells The bodies could be easdy distinguished from the uniformly dis- 
tributed granules of basophilic stippling, and from Jolly-Howell bodies which 
were quite abundant, or from overlying blood platelets 

A film of blood was fixed m methyl alcohol, Zenkenzed, and stained over- 
night with Mallory’s phospho-tungstic acid haematoxyhn The bodies were 
unstained, appearing as sharply outlined empty spaces against the bluish- 
lavender background of the cells Some of the spaces were circular, others 
more elongated or rod-shaped There was a slight concentration of the stained 
background about the bodies 

In fresh unstained blood suspensions on a warm stage, the bodies were 
quite easily seen They were slightly more refraotile than the surrounding 
red cell substance, and were completely colourless They exhibited oscillatory 
motion mdependent of movements of the cell as a whole, and changed their 
relative position within the cell The individual particles, however, Bhowed 
no definite motility m dark field illumination 

When blood films were fixed m methyl alcohol, treated with solutions of 
1 per cent hydroohlono acid (3 parts) and 2 per cent potassium ferrocyanide 
(1 part), and counterstamed with basic fuohsin, the bodies gave a positive 
iron reaction The identity of the siderous granules with the Giemsa stamed 
bodies was proved by photographing individual cells, in a Giemsa stained 
slide, decolorizing with acid alcohol, restainmg with hydrochloric acid 
potassium ferrocyanide, and again photographing the same cells 

The bodies did not retain the Gram stam They failed to give a Feulgen 
reaotion 

Heparinized blood from Case 3 was laked with distilled water, or with 
saponin, the centrifuged sediment washed and agam centrifuged at about 
2,500 r p m Smears of the sediment, stained with Giemsa or for iron, showed 
an enormous concentration of the bodies, the appearance being that of a thick 
smear from a bacterial culture of some small coccoid organism (Plate 3, 
Fig 9) The sediment was suspended m a solution of crystalline trypsin and 
incubated for 24 hours at 37° C at pH 7 8 Neither the form nor the iron- 
staining of the bodies was altered by this procedure The iron-staining and 
morphology of the bodies were not affected by exposure to N/20 hydrochlono 
aoid On the alkaline side, however, the iron-staining was lost at about 
pH 10 7, although the morphology of the bodies and the staining with 
Giemsa were not affected The sedimented bodies were treated with a solution 
of sulphuretted hydrogen m 09 per cent salt solution They became 
brownish, and only an occasional body was blackened Haemosidorm pig- 
mont under similar treatment is black A blood film treated with 3 per cent 
silver nitrate and exposed to light showed no blackening of the bodies 
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Six find five-tenths c c of citrated blood was examined for femtra by the 
mothod of Granick (1942) and no crystals were obtained with cadmium sul- 
phate Wo are indebted to Dr E Chargaff for carrying out this test The 
sedimented bodies wore not anisotropic when examined *vith the polarizing 
microscopo 

An attempt to demonstrate the presence of alkaline phosphatase m the 
centrifuged concentrate of bodies by the Furth-Kabat stam was unsuccessful 

When a tube of heparinized blood from Case 3 was placed m a strong 
clcotromagnctic field, the iron-containing erythrocytes were drawn to the 
glass along tho lino of contact with the magnet, the unaffected erythrocytes 
sottled to tho bottom of tho tube A film prepared by pipetting the cells from 
tho side of tho tube showed a very striking concentration of the affected cells, 
most of which wore ring forms with depleted haemoglobin Suspension of the 
micro-organisms obtained from spleen culture did not migrate in the magnetic 
field A suspension of the bodies in saline solution, obtained by centrifuging 
laked blood and washing the centrifuged sediment, vras not agglutinated by 
patients’ or control normal scrum in 1 m 10 or 1 in 20 dilutions An attempt 
was mado to obtain complement fixation Tho centrifuged laked blood, con- 
taining a rich suspension of tho bodies, was formalmized, adjusted to pH 7 6 
and used as antigen against tho pationts’ serum No fixation of complement 
was obtained 

Bodies in rehculo-endothchal cells As has been mentioned in the autopsy 
Tecords, minute coccoid bodies staining blue with Giemsa were seen in the 
lining endothelial cells of the splenic sinuses, in the Kupffer cells, m reticular 
cells of lymphnodes, and in large reticulo-endothelial cells of the marrow 
They frequently occurred as diploid bodies, less often as tetrads In the bone 
marrow of Case 2, tho small bodies appeared to fuse into larger masses up to 
tho size of a red cell The staining with Giemsa was somewhat more bluish 
than tho forms seen m the red cells They gave a positive iron reaction The 
haemosidenn present could be distinguished by its greater retractility and 
its failure to stain blue with Giemsa In Gram stained sections, the bodies 
did not retain the gentian violet 

The question may be raised at this point whether the structures seen in or 
on the erythrocytes and those within the endothehal cells are identical In 
Giemsa stained sections of the spleen, particularly from Case 2, and m smears 
of tho bone marrow, there is a distinct difference in staining The bodies in 
the erythrocytes take a reddish-purple or lavender colour, those within the 
endothelial cells or large mononuclears are bluish This may be due to the 
fact that m the erythrocytes the background is red In the pale staining 
cells of Case 2, they stained more blue than purple Apart from this differ- 
ence, the bodies resemble each other in size, form, and arrangement In , 
Giemsa preparations the staining vanes from a deep blue to a somewhat 
greenish or brownish blue, in which case they seem somewhat more retractile 
In general the smaller particles take a pure blue stam The possibility that 
the bodies are Borne form of blood pigment oannot be excluded, although they 
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can readily be distinguished from the coarser brownish clumps of haemo- 
siderm, which are found predominantly within or amongst the reticular cells 
of the pulp 

The possibility that the granules m the cytoplasm of the endothelial cells 
lining the splepic sinuses may be ingested platelets must be considered In 
unstained Zenker-fixed sections, the bodies are colourless or very faintly 
brownish, not refractile, although they can be distinguished from the sur- 
rounding cytoplasm They give no iron reaction, and are decolorized with 
Gram, staining red with saframn, basic fuchsm, or dilute carbol fuchsin 
counterstam 

Alrutz, Nortell, and Piette (1926) described and piotured Bimilar structures 
in a case of thrombocytopenic purpura We may quote from their artiole 

‘The most interesting findings were discovered with the oil immersion 
Within the cytoplasm of the endothelial cells of various sinuses, and also in 
the reticular cells of the glomeruli, numerous small irregular granules were 
found They were stained deep blue with methylene azur and were practically 
invisible in haematoxylin eosin sections The granules were, m our opmion, 
degenerated platelets, normally present m the spleen m much less number 
Some better preserved platelets were also seen in the oytoplasm of endothelial 
cells The picture of enormously increased phagocytosis of the platelets by 
the retieulo-endothehal cells of the spleen may help to explain the decrease 
of platelets m the blood stream and the associated haemorrhagic diathesis, 
and also the effect of splenectomy and subsequent increase of platelets ’ 

The identity of these bodies as described and pictured by Alrutz, Nortell, 
and Piette with those seen m our cases seems certain, but we cannot agree 
with their interpretation of them as degenerated phagocyted blood platelets 
We have frequently seen ingested platelets m bone marrow smears, they 
conserve their normal structure and staining sufficiently to make identifica- 
tion easy , never do they take an intense blue stain Moreover, the individual 
bodies are smaller than blood platelets and often show a definite arrangement 
in diploid form and even occasionally m short chains Degenerated platelets 
m old thrombi stain reddish, not blue, with Giemsa, the granules of the 
platelets are not demonstrable m tissue sections stained by this method 
In order to obtain information as to the frequency with which such 
structures may be found within the sinus endothelium of the spleen and the 
particular conditions under which they occur, we have made a systematic 
study of sections of spleens removed at operation and spleens obtained from 
patients dying of various diseases on whom autopsy had been performed 
within four hours after death The tissue was fixed in Zenker without acetic 
acid, sectioned at 4 micra, and stained overnight with buffered Giemsa solu- 
tion The presence or absence of the bodies was recorded without knowledge 
of the clinical diagnosis The results of this study are shown in tabular form 
given on the next page 

From this it appears that the bodies occur in a high percentage of cases 
of thrombocytopenic purpura, in a smaller proportion of the cases labelled 

tQJJiI hetr >,o &4] 2 
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Bodies m Sections of Spleen 


Clinical diagnosis 

Present 

Absont 

Doubtful 

Thrombocytoponio purpura 

24 

5 

3 

Hnomolytio jaundico 

8 

6 

6 

Bnnti’s disease , 

Cirrhosis of livor l 

4 

16 

2 

Congestive splenomegaly i 
Gauchor’s disoaso 

0 

2 


Loukaomin 

0 

4 


Lymphosarcoma 

0 

4 


Roticulo ondothohomo 

0 

1 


Haomochromatosis 

0 

2 


Giant follicular hyporplasm 

0 

1 


Alouknomio loukaomia? 

0 

1 


Brucollosmt 

0 

1 


Splenomegaly, unclassified 

0 

18 

. . . , 

Miscellaneous autopsies, chiefly 
cases of secondary anaemia 

0 

10 


Rhoumatio fevor 

7 

1 

3 


liaemofytic jaundice or Banti syndrome, and in spleens removed from 
children with rheumatic fever It may bo of interest that three positive 
‘Banti’ cases wore in young people without cirrhosis of the liver The 
bodies were absent m a variety of miscellaneous conditions examined as 
controls Unfortunately there were not at our disposal blood smears from 
most of those oases, so that the question as to whether there is a correlation 
between the endothelial inclusions in the spleen and the occurrence of bodies 
in the circulating erythrocytes cannot be answered However, we have 
examined a series of blood smears of various haematological conditions for 
the presenco of the bodies, with the following results 


Bodies in Blood Smears 


Clinical diagnosis 

Present 

Absont 

Doubtful 

Thrombocytopenic purpura 

2 

5 

4 

Hnomolytic jaundice 

4 

7 

5 

Sickle cell anaemia 


8 

— 

Osteosclerotic anaonun 

— 

4 

— 

Cooloy’s anaemia 

— 

7 

— 

Pernicious anaemia 

— 

11 

— 

Sovoro secondary anaemia 

— 

3 

— 

Aplastio anaomia 

— 

4 

— 

Gauchor’s disease 

— 

2 

— 

Banti syndrome 

— 

1 

— 

Splonomogaly, origin undetermined 

— 

1 

— 

Malarial anaemia 

— 

1 

— 

Haemolytic anaemia with eo agglutinins 

— 

1 

- — 


It is apparent that bodies of the type described are found, though incon- 
stantly, m the circulating blood in much the same groups of cases m which 
they ocour within the endothelium of the splemo sinuses, namely, patients 
with the thrombocytopenic purpuras and haemolytic jaundice But even in 
the three splenectomized patients m whom they were fairly numerous, the 
percentage of affected red cells was not nearly so great as in the cases here 
reported Often typical bodies were found only after looking over many 
fields The three patients who showed them most abundantly had all had 
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their spleens removed In one of them, a young girl with typical purpura, 
a smear taken two days before splenectomy was negative, whereas one 
obtained two days after the operation showed many typical bodies in each 
field The spleen section in this case had many minute bodies of similar size, 
hut with more bluish staining, m the endothelium of the splemc sinuses 

Cultural studies No bacteriological studies were made of the spleens from 
Cases 1 and 2 From the spleen of Case 3, aspirated pulp was transplanted 
into Geiman’s (1941) semi-sohd and into Noguchi and Battistmi’s (1926) 
leptospira media The latter was contaminated, and discarded In the tubes 
of Geiman’s media, after three days at 28 to 30° C , there was obtained an 
apparently pure growth of a small pleomorphio organism, whiok had the 
following characteristics Short bacillary forms predominated, but there 
were also coccoid, and comma-shaped ones Often there were polar granules, 
or a single granule The ends of the rod were often tapering (Plate 3, Fig 10) 
When first isolated, the organisms were Gram negative In later transplants, 
the Gram staining was variable, but Gram positive forms were always most 
numerous In Wright or Giemsa stained preparations, the granules stained 
a deep purplish-blue against the paler blue of the remainder of the organism 
In dark field they were non-motile The organisms grew readily m plain 
agar, forming discrete, small colomes, at first translucent, later more opaque 
and greyish In plain nutrient broth they produced turbidity without pellicle 
formation They failed to ferment glucose, lactose, sucrose, sahcin, or man- 
mte, and did not produce mdol No haemolysis was produced on blood-agar 
plates 

The organism isolated from the spleen did not agglutinate with serum of 
the patient, obtamed after his spleen had been removed When a suspension 
of the spleen culture was incubated with normal red cells, many of the small 
diploid or bacillary forms attached themselves to the surface of the erythro- 
cytes and some appeared to lie within them The appearance m Giemsa 
preparations was indistinguishable from that of the naturally occurring 
bodies (Plate 4, Fig 11) They did not, however, give an iron reaotion 

Repeated cultures from the blood of Case 3, on Geiman’s semi-solid, 
Geiman’s fluid medium, Noguchi leptospira medium, and in plain broth, 
remained sterile, except for one culture (November 22, 1943) which yielded 
an organism which somewhat resembled that from the spleen, but was con- 
sistently bacillary, produced a yellowish coloration on agar plate colomes, 
and had a pungent odour Although it was not positively identified, it was 
regarded as a contaminant, and not further investigated 

Animal inoculations 1 After a preliminary observation period of four days, 
1 c c of washed saline suspension of a 48-hour culture m Geiman’s fluid 
medium from the spleen of Case 3 was injected intravenously into a Macacus 
rhesus monkey This was not followed by any evidence of illness, the tem- 
perature remained withm normal limits, and repeated blood smears and 
cultures were negative At the same time, 0 6 c c was injected mtra- 
cutancously and subcutaneously above the orbit No verruca or other 
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inflammatory reaction was produced On December 4, 1 6 days after injection 
splenectomy was performed Histological examination of the spleen (Zenker 
and Rcgaud fixation, Giemsa stain) showed a few diploid and short bacillary 
bodies within sinusoids or amongst reticular cells of pulp There had been 
no multiplication and no pathological changes were present m the spleen 
After the operation there were no noticeable symptoms No parasites 
appeared m the blood, and complete weekly blood counts showed no signifi- 
cant 'deviation from normal Several blood cultures proved sterile On the 
seventeenth day after splenectomy the same monkey was injected with 
2 c o of citrated blood from Case 3, which on this day contained very numerous 
mtra-orjibrocytic bodies The results were again negative This experiment 
was discontinued after three necks’ further observation 

2 A rabbit wassplenectomizcd under ether on November 16 No parasites 
appeared in the peripheral blood On November 24 the animal was injected 
intravenously with 0 6 c c of a saline suspension of a 48-hour transplant of 
the spleen culture from Case 3 Blood films were examined daily, and were 
negative Tho animal died on December 1 6 from a superficial wound infection, 
spreading to tho abdominal and thoraoic wall 

3 Two splonectomized male guinea-pigs were injected mtrapentoneally on 
November 24, 1943, with 1 0 c c of a saline suspension of a 48-hour trans- 
plant from spleen culture of Case 3 Guinea-pig B,, on the second day, 
showed a few suspicious coccoid bodies in the erythrocytes They were not 
found on subsequent examinations The animal was killed on November 29 
No significant changes were found in tissues Blood culture yielded a growth 
of pnoumococoi Gmnoa-pig Bj^ died from lobar pneumonia 15 days after 
injection No parasites wero found m the red cells m daily smears 

Two splonectomized male guinea-pigs were inoculated mtrapentoneally 
seven days aftor tho operation with 0 75 cc of citrated fresh blood from 
Case 3 Results were negative There was no Mooser reaction 

4 Four old and young rats of a Bartonella-free strain provided by Miss 
Naiman of the Department of Bacteriology were splenectomized on November 
30 Daily blood examinations failed to show parasites On December 12 
two were injected with 0 2 c c of splenzc culture subcutaneously, two others 
with 0 5 c c mtrapentoneally No bodies appeared m the blood After nme 
days they were injected with blood from Case 3, again with negative results 

6 Four splenectomized white mice were mjeoted five days after the 
operation with oitrated blood from Case 3 All proved to be infected with 
Eperythrozoon coccotdes, but no bodies resembling those m the human cases 
were detected 

6 Two hamsters were splenectomized on Apnl 4, 1944 Repeated blood 
smears before and after operation showed no mtra-erythrocytic parasites 
On May 2, 1944, they were each injected mtrapentoneally with 1 cc of 
defibnnated blood from Case 3, containing large numbers of the bodies The 
animals showed no symptoms and daily examination of blood films disclosed 
no mtracorpusoular bodies 
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The ammal inoculations thus yielded no additional information The 
cultures obtained from the spleen proved to be non-pathogemc for the 
animals tested, nor was it possible to transmit the human disease by injection 
of whole blood 

Egg inoculations Dr Harry Rose and Miss Eleanor Molloy of the Depart- 
ment of Medicine have collaborated in this phase of our studies Ground 
blood-clot and sterile citrated blood from Case 3 were obtained on several 
occasions and were moculated into the chono-allantoio membranes and 
into the yolk sac Smears and Zenker -fixed 5-micra paraffin sections were 
studied Eggs of different ages were injected, and examined at different 
intervals Sections were stained with Giemsa Purplish blue granules were 
found within the yolk cells, sometimes in enormous numbers They were 
situated either in the protoplasmic walls of the cells or m the cytoplasmic 
processes projecting from them Often they were arranged m colony-like 
clusters Their size varied from a fraction of a micron to two or three miora , 
the majority fell within the range of the bodies seen in the moculated red 
blood corpuscles They gave no iron reaction The accompanying photo- 
micrograph shows the resemblance of these granules in form and distribution 
to the elementary bodies of lymphogranuloma venereum and similar viruses 
(Plate 4, Fig 12) Unfortunately, eggs inooulated with contaol normal blood 
and even uninoculated eggs (Plate 4, Fig 13) showed identical granules 
The significance of these bodies remains to be determined, but it is obvious 
that they bear no relation to the intra-erythrocytic bodies found m the 
blood of our patients, and that no conclusions can be drawn from these 
experiments 


Discussion 

What can be said of the nature of these bodies? There are three possi- 
bibties to be considered that they are artefacts, that they are parasites, or 
that they represent some unknown precursor or breakdown product of haemo- 
globin It is necessary to discuss each of these possibilities in some detail 
That they represent artefacts arising during fixation or staining can be 
immediately ruled out by the fact that they are readily visible in unstained 
fresh preparations Furthermore, they can be demonstrated by various 
staining techniques, and they give a positive iron reaction 

That the bodies are parasites When they were first observed, this Beemed 
an attractive and likely interpretation The resemblance of the clinical course 
of these patients to that of the febrile phase of Carrion’s disease seems to 
point to a similar, if not identical, parasitic agent The pathological changes 
in the two fatal cases were not inconsistent with those which have been 
found in patients dying during the anaemio phase of Oroya fever (Strong, 
Tyzzer, Sellards, Brues, and Gastiaburu, 1915) Moreover, as will be pointed 
out, although there are differences m staining and morphology between the 
B bacilhformis and the bodies described, there are also resemblances suffi- 
ciently close to justify discussion as to their possible relationship to this or 
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similar blood parasites Plate 1, Figs 3 a, b, c, and d, which are objective 
drawings representing the bodies found in these four cases, compared with 
B bacilltformis (Plate I, Fig 3 e) and Haemobartonilla muns (Plate 1, Fig 3/), 
offer convincing evidenoe of their general resemblance None the less, on 
further study it has not been possible to identify this organism with any of 
the known parasites of man or ammals The four known genera of non- 
protozoal organisms which parasitize m or upon the erythrocytes of man or 
animals are Bartonella, Haemobartonella, Orahamella, and Eperythrozoa 
There are reasons for excluding our bodies from each of these genera 

Bartonella The only known species of this genus is the Bartonella bacillt- 
formis, the causative agent of Carrion’s disease (Oroya fever, Verruga peruana) 
Although the clinical history of the fatal cases here reported closely resembles 
that of the anaemic phase of Oroya fever, epidemiological considerations, the 
absenco of an eruptive phase, ns well as morphologioal and cultural differ- 
ences, make it highly improbable that the organism in question is identical 
with Bartonella bacilltformis Carrion’s disease has not been reported outside 
of Peru, Colombia, Chile, and Ecuador , none of these patients had been m 
South America The only proven mseot vectors are two speoies of Phle- 
botomus, neither of which occurs in New York or New Jersey None of the 
patients had shown a verrucous phase Comparing the morphology of the 
bodies, we find striking differences B bacilltformis is more slender, rod-like 
forms are more numerous, and staining is reddish rather than purplish blue 
(Plate 1, Fig 3 e, and Plate 5, Fig 14) Both are pleomorphic, and individual 
forms can be found which are indistinguishable More important than 
morphological and tinctorial differences is the fact that the bodies under 
discussion, as they occur m or upon the erythrocytes, contain stainable 
iron This unique property differentiates them therefore from the B bacillt- 
formis, whioh, when similarly treated, does not give a Prussian blue reaotion 
(personal observation) There are also cultural differences between the 
organism obtained from spleen of Case 3 and cultures of B bacilltformis 
Growth on Geiman’s semi-sohd medium is somewhat more vigorous than 
that of B bacilltformis and reaches the surface of the medium The organism 
obtained from the spleen also grows in ordinary media and is, though not 
constantly, Gram positive There is, however, no sharp distinction in the 
morphology of the cultural forms (Plate 3, Fig 10) although the B bactUt- 
formis appears to be somewhat more slender (Plate 5, Fig 1 5) Implicit in 
the definition of the genus Bartonella, as set forth by Tyzzer (1942) and 
Weinman (m press), is the multiplication of the organism within endothelial 
cells of the tissues Although we found in the study of our fatal oases that 
bodies olosely resembling those in the peripheral erythrocytes occurred also 
within endothebal and reticular cells m spleen, bone marrow, Iymphnodes, 
and liver, there was little to suggest that they were undergoing active multi- 
plication,' and large cells stuffed with parasites, such as have been found in 
fatal cases of Oroya fever, and in the verruga nodules, were not seen in our 
Another differential point is that the bodies appeared in the peripheral 


cases 



ANAEMIA AND UNIDENTIFIED ERYTHROCYTIC INCLUSIONS 95 


blood alter splenectomy, -whereas the Bartonella bacilhfomm is found m sub- 
jects whose spleen has not been removed 

BaemobartoneUa Although some 21 more or less completely described 
species are known to occur in a variety of laboratory and wild animals 
(Weinman, m press), infection of man with BaemobartoneUa has not been 
reported The features which characterize the genus BaemobartoneUa are as 
follows Pleomorphism , coccoid forms, diploids, rods or batonnets, occasional 
ring forms, and even branching filaments, have been found m one or other 
speoies Only red blood corpuscles are parasitized, no mtrahistiocytic or 
endothelial multiplication has been observed- In almost all cases removal of 
the spleen initiates the appearance of the organisms m the peripheral blood, 
and brings about a transient or fatal anaemia Successful cultivation has 
been reported for a few species, but in general has proved difficult Transfer 
to closely related hosts, after previous splenectomy, has been successful in 
some instances In some respects the bodies here described conform to these 
criteria , in others they do not The morphology and staining are sufficiently 
like many of the described forms of Haemobariondla to prevent their 
exclusion on that basis (Plate 1, Fig 3/, Plate 5, Fig 16) The occurrence 
within reticulo-endothehal cells, even if there is no convincing evidence of 
an mtracellulaT multiplication phase, has not been seen in infections with 
BaemobartoneUa The effect of splenectomy in favouring their appearance m 
the peripheral blood is characteristic both of the bodies here reported and 
of the BaemobartoneUa infections of animals In the cultures obtained from 
the spleen of Case 3 growth was vigorous and rapid, the difficulty of culti- 
vating BaemobartoneUa on artificial media has been mentioned We have 
seen no reference m the literature to possible iron-staining of BaemobartoneUa 
BaemobartoneUa muns does not give a positive iron reaction with hydrochloric 
acid and potassium ferrocyamde (personal observation) Another differential 
point is that in our patients anaemia preceded the removal of the spleen, 
animals infected with BaemobartoneUa became anaemic only after the spleen 
has been ablated 

Grahamella These are characterized, to quote Tyzzer (1942), ‘by a marked 
degree of uniformity — appearing as rods with only an occasional rounded 
form, and are Bituated definitely withm the red blood cells They are not 
greatly increased by splenectomy, infect only a small percentage of the red 
cells, are not known to be pathogenic, are not eradicated by treatment with 
arsphenamme (as are the BaemobartoneUa) and are readily grown on oertam 
media ’ It is obvious, with further analysis, that our bodies do not meet these 
criteria, and should not be classified under this genus 

Eperyihrozoa These are blood parasites similar to BartoneUa and Haemo- 
bariondla m many particulars, causing diseases m which anaemia is a promi- 
nent symptom They are characteristically round with numerous annular 
and disk-shaped elements, rod forms are short and unbranohed and on the 
surface of the red cells, and rods are rare and not disposed in ohain formation 
They occur both on the cells and free in the plasma Infection may produce 
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symptoms, even in animals with intact spleens, but splenectomy renders a 
latent infection active No developmental phase is known to occur in tissue 
cells, although the organisms may be found within phagocytic cells Success- 
ful cultivation has not been reported The type species, Eperythrozoon 
coccoides (Schilling, 1928) is a common parasite of the white mouse, and it 
has been found in six other speoies It is transmitted by the mouse louse, 
Pohjplax ser rains (Neitz, 1927, Neitz, Alexander, and Du Toit, 1934) Infection 
of sheep with the Eperythrozoan ovxs has been reported from South Africa, 
Algeria, Iran, and France The clinical course of intense anaemia accom- 
panied by irregular fever and sometimes jaundice, all intensified by splenec- 
tomy, presents certain analogies to that of the human cases here reported 
The question as to whether the bodies in our cases may be classed as a new 
species of Eperythrozoon cannot be dismissed without discussion Morpho- 
logical considerations alone are probably not decisive Free forms were only 
exceptionally found in our preparations, and may have been due to meohamoal 
dislodgement of the parasites from the cells The Eperythrozoon characteris- 
tically occur free in the plasma, as well os attached to erythrocytes, and this 
would seem to be a significant distinction Annular forms were seen very 
rarely in our preparations, whereas they are in general typical of the various 
species of Eperyihrozoa, although these too may be very pleomorphic, assuming 
ovoid, comma, dumb-bell, and rod forms Since culture on artificial media 
has not been reported, and since detailed histopathological studies of infected 
animals appear not to have been earned out, it is difficult to reach any con- 
clusion as to the possible relationship of our bodies with one or other members 
of this genus In this connexion it is interesting that Sohuffner (1929) found 
bodies closely resembling the Eperyihrozoa coccoides of mice in the blood 
smear of a child with symptoms resembling von Jaksoh’s anaemia The 
photomicrographs appended to his paper show numerous free disooid or 
annular forms in the plasma, and it is obvious at a glance that these struc- 
tures bear little resemblance to those m our cases 

We have also compared the bodies with Anaplasma marginals of cattle 
Although there is a resemblance in size and staining, they differ sharply in 
several respects The red cells rarely contain more than three or four 
Anaplasma, whereas as many as 20 bodies may be present in a single erythro- 
cyte in our cases Anaplasma is not associated with dehaemoglobiruzation 
of the cells Anaplasma gives no iron reaction with hydrochlono acid and 
ferrocyamde Diploid and tetrad forms are rarely, if ever, seen It seems 
that these distinctions rule out a possible relationship between the inclusions 
found in our oases and those found m anaplasmosis 

To sum up, it seems inadvisable at present to classify our bodies under any 
of the existing genera of non-protozoal blood parasites A general morpho- 
logical resemblance to the Bartonella, the Haemobartonella, and perhaps also 
the Eperyihrozoa, is not to be denied, but there appear to be differential 
features which are sufficient to exolude them from eaoh of these genera 
Their siderophihe character alone would distinguish them from Bartonella 
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and Eaemobartonella So far as we can ascertain, rron-stammg Las not been 
applied to the Eperythrozoa or Grahametta 

Common as is infection with Eaemobartonella in many species of mammals, 
we have found hut two references to the occurrence of Bartonella-hke bodies 
m human blood in diseases other than in Oroya fever or Carrion’s disease 
Edelman m 1927 demonstrated at a meeting of the OeseUschaft der Aerzle 
in Vienna blood slides from a oase of thrombooytopemo purpura without 
splenectomy, in which inclusions closely resembling the Bartonella of Oroya 
fever were present This presentation seems to have aroused little interest, 
and we have found no complete report of his observations 

Giordano and Blum (1937), in their paper on acute haemolytic anaemia 
(Lederer type), called attention to the similarity of the clinical picture m 
this disease with that of the febrile anaemio phase of Oroya fever, and sug- 
gested that m future Btudies and observations in Lederer’s anaemia the 
blood smears should be oarefully examined for possible bactena-hke inclusion 
bodies within the red blood cells The authors themselves do not appear to 
have seen such bodies in their cases 

Our attention has been called to a recent paper by Otto and Rezek (1943) 
These authors reported the case of a man of 45 years with intraotable anaemia 
not responding to iron, repeated transfusions, or splenectomy Pleomorphic 
bodies were found in great numbers in the erythrocytes So far as can be 
3udged from their description and illustrations, these are identical with those 
in our cases They were greatly increased m numbers after removal of the 
spleen Attempts at cultivation and animal inoculation made by Dr Kop- 
pisch with citrated blood sent from Miami to the School of Tropical Mediome 
in Puerto Rioo yielded no additional information The Bartonella-like nature 
of the blood parasites could thus be surmised only from their morphology in 
blood films On this basis they concluded that the ‘inclusion bodies’ were 
most comparable to Bartonella cams (Kikuth), and suggested the possibility 
of this organism being pathogenic for man Dr Rezek has kindly allowed us 
to study his preparations The bodies m the blood films appear less numerous 
than m our cases, but have a similar staining and morphology They give 
a positive iron reaction 

That the bodies are not parasitic, but represent an iron-containing component 
[not haemosidenn) derived from the breakdown of haemoglobin or a precursor of 
haemoglobin It is pertinent to diBcuss m this connexion the relationship of 
these iron-reacting bodies to the so-called siderocytes described by Gruneberg 
(1941, 1943) This author found m the blood of normal rats, mice, and 
human embryos, erythrocytes which, m addition to haemoglobin, contamed 
some free or easily detachable iron, probably belonging to a hitherto un- 
identified precursor of haemoglobm These cells, called siderocytes, showed 
distmct siderotic granules, sometimes a dozen or more per cell Normally 
they occurred only m the embryo or new-born, hut they were present also m 
adult mice a hich had recovered from the anaemia associated with the reces- 
sive gene for flexed tail and belly spot A paper by Doniach, Gruneberg, and 
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Pearson (1943) records the occurrence of similar siderocytes in seven adult 
human patients Fivo of these had been splenectomized for the following 
clinical conditions Banti syndrome, thrombocytopenic purpura, traumatic 
rupture of spleen (two cases), and splenic anaemia Two cases had not been 
splenectomized one of severe anaemia associated with renal rickets, another 
of malignant hypertension with renal insufficiency The bodies depicted by 
the authors are in the form of granules or small spherules of varying size 
No mention is made of rod forms, nor of their staining in Wright or Giemsa 
preparations 

Through the courtesy of Professor Leslie Dunn we have been able to 
examine blood films from new-born mice of the strain showing the genetio 
abnormality described by Gruneberg In conformity with his observations 
we have found that about 80 per cent of the erythrocytes contain sidero- 
philio granules These stain blue, without any purplish component, in Giemsa 
preparations, they are extremely numerous, and very variable m size and 
shape, ranging from irregular clumps to fine punctate stippling Occasionally 
they may be found m pairs or short chains, but m general they have a totally 
irregular distribution (Plate 1, Fig 3 g, Plate 5, Fig 17) In contrast, the 
structures m our cases have a sharper outline, stain more intensely and with 
a more purplish cast, they are less numerous, and their occurrence m diploid 
forms is very frequent Although individual granules or rod-like bodies can 
be found which arc indistinguishable from the siderophil granules of mouse 
blood, it is not certain that these two types of structure are identical 

Case (1943) m a recent report found siderooytes in ‘large numbers m stored 
blood of cats, dogs, and human beings ’ He beheves that all red cells go 
through a phase as a siderocyte, and then the granules are extruded from 
the cells, a process which is attended by a fall in total blood pigment of 
between two and seven per cent , and a corresponding increase m non- 
haemoglobin plasma-iron and a bilirubin -like substance The change is 
affected by availability of oxygen, inhibited by storage at low temperatures, 
and accelerated by heat and ohemical agents After extrusion of the sidero- 
phil granules, the erythrooytes become susceptible to phagooytosis It is 
concluded that the siderocyte is not essentially a young cell, that it is 
probably the stage before the cell is removed from the circulation, that it 
probably appears in the blood of all animals, that the iron is katabohc, and 
that it is closely related to, if not identical with, the easily split blood-iron 
studied by Lemberg, Legge, and Lockwood (1939) 

A blood sbde from Case 3 was mailed to Dr Case of the University of 
Birmingham He has very kindly sent us the following comment ‘ I cannot 
convince myself that the structures shown are identical with the siderotic 
granules, but by applying the iron stam over your Giemsa, I can confirm 
your statement that many siderocytes are present, but your granules are not 
identical with the siderotio granules, although they often occur m the same 
cells There are thus two theories tenable (1) that your suggestion of a 
parasite is valid, and that the cells affected are showing the siderotic change. 
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as damaged cells do, (2) that your granules represent some other fraction of 
the haemoglobin degradation If this is so, it would seem to be an aberrant 
phenomenon, as I cannot demonstrate it in films of my own which have just 
been stained for the purpose ’ Dr Case also writes that ‘I have not satisfied 
myself that it is possible to demonstrate the granules with Giemsa or 
Romanowsky stain, and such a procedure would not be certain However, 
in our experience, the siderotic granules m the new-born mouse are readily 
stained with Wnght or Giemsa 

Since a detailed account of these interesting studies is not yet available, 
their bearing upon the cases here reported is not clear Should it prove true 
that all red cells normally pass through a siderocyte phase before destruction, 
it remains to be disclosed why such cells do not normally appear m the 
circulating blood and why, m certain cases of anaemia, they should be 
present m such numbers 

The morphology of the bodies in blood smears stained with Wright or 
Giemsa, though not m all respects identical with that of known erythrozoan 
parasites, nevertheless is very suggestive, and experienced observers who 
have seen these preparations have so interpreted them The very frequent 
occurrence of diploid and tetrad forms implies division within the cells and 
is a point m favour of their parasitic nature On the other hand, the specific 
iron-staining of the structures is a feature which has never been noted, if in- 
deed it has been looked for, m any of the erythrocytic parasites One would 
have to postulate that if these are micro-organisms, they have the unique 
property of absorbing or incorporating iron from the breakdown of haemo- 
globin 

The morphology of the micro-organisms isolated from the spleen of Cose 3 
closely resembled that of the bodies in the red cells Since, however, the 
organisms were not siderophihc, failed to agglutinate with the patient’s 
serum, and proved to be non-pathogemo for laboratory animals, it was im- 
possible to identify them with the mtra-erythrocytio bodies or to ascribe to 
them any aetiological importance Failure to reproduce the disease in 
animals by injection of whole blood into laboratory animals does not exclude 
the possibility that the structures within the red cells are parasitic, or that 
the anaemia is of infectious nature But it is obvious that positive support 
for such a theory is lacking 

Whether the bodies m these cases are identical with the sideroplnl granules 
of Gruneberg and Case is difficult to decide , should they be so interpreted, 
their appearance in large numbers in the peripheral blood in certain cases of 
anaemia is still of great interest, and demands further investigation 


Summary 

1 Three cases of severe anaemia are reported, in which, after Bplenectomy, 
the erythrocytes contained iron-staining coccoid or bacillary inclusions 

2 Although morphological characteristics suggest a relationship to certain 
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intra-orythrooytic parasites, no conclusive proof of their parasitic nature has 
been obtained 

3 An alternative interpretation, namely, that they are identical with the 
iron-containing bodies desonbed by Gruneberg, is discussed 

Wo desire to express our thanks to the following scientists who have, in 
one way or another, assisted ns in onr study Col Richard P Strong, 
Prof Ernest Tyzzer, and Prof S B Wolbach for reviewing our preparations, 
to Dr David Weinman for allowing us to study his unpublished monograph 
on Bartonella, and for giving us slides and cultures of B bacilltforrms for 
comparison, to Dr Michael Heidelberger for performing complement fixation 
tests and for the use of his electromagnet, to Dr Erwin Chargaff for chemical 
determination to ascertain whether the iron-reacting bodies were identical 
with forntm , to Prof Leslie Dunn for supplying us with a strain of curly 
tailed mice, and to Miss Naiman, of the Department of Baotenology, for 
a strain of Barlonclla-hee rats, to Miss Eleanor Molloy for co-operation in 
egg inoculations, to Dr H Rosenthal for sending us blood films of the child 
of Case 1, and to Dr P Rezek for preparations from his case, to Dr G 
Dikmans, of the U S Department of Agriculture, for slides of Anaplasma 
margmale, and to Drs Allan 0 Whipple and Elbott for performing splenec- 
tomy upon a mbnkoy preparatory to inoculation 
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CONGENITAL AFEBRINOGENAEMIA 

REPORT OF A CASE WITH A REVIEW OF THE LITERATURE 1 

BrJ L HENDERSON, G M M DONALDSON, 
and HAROLD SCARBOROUGH 

(From the Department of Child Life and Health and the Department of 
Medicine, University of Edinburgh, and the Clinical Laboratories, 
Royal Infirmary, Edinburgh) 

A total lack of fibrinogen in the blood-plasma is a rare occurrence It 
may be either congenital or acquired , when acquired it is sometimes only 
transitory Congenital afibrmogenaemia, which was first described by Rabe 
and Salomon (1920), should always be remembered as a possible cause of the 
haemorrhage m congenital ‘ bleeders ’ There is still too great a tendency to 
regard congemtal ‘bleeders’ of the male Bex as haemophiliacs, without 
adequate cknioal and laboratory investigations having been made to elimi- 
nate other possible causes of the haemorrhagic diathesis A case of congenital 
afibrmogenaemia m an otherwise healthy boy of 1 1 years is reported in the 
present paper, and illustrates this tendency Only six other cases of this 
disease have been recorded m the literature, but it seems probable that 
complete investigation of all congemtal 'bleeders’ would reveal more cases 

Case Report 

J L , Male, aged 11 years (bom 4 9 1933) 

History The patient was born prematurely after the mother had twice 
threatened to miscarry The birth was spontaneous The birth weight was 
5\ lb Bleeding from the umbilicus began on the third day of life, oozing 
contmued intermittently m spite of treatment with styptics, cautery, and 
ligature, and the baby was admitted to the Royal Edinburgh Hospital for 
Sick Children when 16 days old Haemorrhage had not occurred from any 
other site On admission, blood contmued to ooze from the umbilicus and 
there was severe anaemia A transfusion of 70 c c of the father’s blood 
soon controlled the bleeding and greatly improved the infant’s condition 

The boy has been admitted to hospital for persistent haemorrhage on 1 1 
occasions to date The reasons for admission are given 'in the following 
summary 

Epistaxis — six times (knock 4, nose blowing 1, nose picking 1) 

Bitten tongue — once 

Shedding milk teeth — twice (associated once with bleeding laceration on 
knee and once with large haematoma over jaw) 

Ulcerated bps — once (during measles) 

Extraction of carious teeth — once 

1 Received January 19, 1945 
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The haemorrhage was arrested by transfusion on six occasions and subsided 
spontaneously on the other five The boy sometimes suffered from Blight 
shook after severe haemorrhage Less severe degrees of haemorrhage not 
necessitating admission to hospital occurred on many occasions , the nose 
was the commonest site Eruption of the first milk- tooth caused severe 
haemorrhage and casting of the milk teeth was often associated with haemor- 
rhage for two or three days Extensive bruising has always been easily 
produced The umbilical haemorrhage which began on the third day of life 
was diagnosed as haemorrhagic disease of the new-born A diagnosis of 
haemophilia was made on the occasion of each subsequent admission to 
hospital until the eighth occasion, at the age of seven and a half years, 
when an absence of fibrinogen was discovered 

At the age of 10 years and nine months the right lower milk canine became 
loose as the permanent tooth erupted beside it, and intermittent oozing 
occurred This lasted for several weeks, so it was decided to extract the 
milk canine and also the adjoining milk molar which was carious He was 
admitted to hospital on 23 5 1944 for this to be done Smce fibrinogen was 
known to be absent from the plasma, it was expected that the extraction 
would be followed by prolonged bleeding, and arrangements were accordingly 
made for giving a continuous drip transfusion of plasma of known fibrinogen 
content Apart from arresting the haemorrhage it was hoped that this 
procedure would yield information upon the total amount of fibrinogen 
required to stop bleeding and on the level of the fibrinogen m the patient's 
plasma at the time when bleeding ceased. It was decided not to set up the 
plasma dnp until the day after extraction, and, m the interval, to employ 
local styptics which, it was expected, would prove ineffective However, 
contrary to expectations all bleeding from the tooth sockets ceased two hours 
after extraction of the teeth and did not recur The blood was still incoagu- 
lable, the capillary resistance unduly low, and the platelet count within 
normal limits (398,000 per c mm ) The snake venom reaction was nega- 
tive The boy was having 500 mg of ascorbio acid daily at the time, and 
viper venom and ‘haemoplastio serum’ had been applied locally for 15 and 
10 min respectively 

Examination (1 6 1943 ) Age nine years and nine months The patient 
was a well-developed, very well-nounshed, and healthy looking boy Large 
ecchymoses were present m the skin of the calves of both legs and behind 
the nght knee Abnormal features were confined to the haemopoietio and 
vascular systems The principal investigations carried out in haemorrhagio 
states on this and other occasions are given in tabular form for comparative 
purposes (Table I) The results of other blood investigations were as follows 


Erythrooytes 
Colour index 
Reticulocytes 
Packed cell volume 
Mean cell volume 
Leucocytes 


4,830,000 per o mm 
1 00 

< 1 per cent 
48 5 ,, ,, 

88 c p. 

9,200 per c mm 


Differential count 


Polymorphs 
Lymphocytes 
Monocytes 
Eosinophils , 


60 per cent 
55 „ ,, 

4 „ „ 

1 „ ,, 


Re-exammatton (26 10 1943 ) Age 10 years and two months 
had subsided spontaneously on the morning of admission to 




Epis taxis 
hospital 
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(26 10 1943) after persisting for several days There was a severe degree of 
anaemia The investigations pertaining to the haemorrhagic diathesis were 
again repeated (Table I) The results of other blood investigations were as 
follows 

Erythrocytes . 2,610,000 per o mm 

Colour index 0 77 

Reticulocytes 6 6 per cent 

Leucocytes 8,800 per o mm 

Family history The parents are first cousins They are not aware of any 
bleeding tendency in either antecedent or collateral relatives Both are 
37 years of age and have enjoyed good health with no history of bleeding 
or abnormal bruising The mother has not had any miscarriages Father’s 
plasma-fibrinogen 0 44 gm per cent Mother’s plasma-fibrinogen 0 62 gm 
per cent 

First child Male, aged 14 years Good health No history of bleeding or 
abnormal bruising Plasma-fibrinogen 0 30 gm per cent 

Second child Male, aged 11 years (The patient ) Plasma-fibrinogen nil 
Third child Female, aged six years Good health No history of bleeding 
or abnormal bruising Plasma-fibnnogen 0 32 gm per cent 

Fourth child Female Died of umbilical haemorrhage, aged six days Birth 
spontaneous, weight about 7 lb Umbilioal haemorrhage began the day after 
birth, and the binder and napkin soon became soaked with blood The 
bleeding apparently subsided, but a severe exaoerbation occurred on the 
third day and the infant was admitted to the Royal Edinburgh Hospital for 
Sick Children on the same day. The general condition was fairly good on 
admission, hut there was severe anaemia, the haemoglobhn being 34 per 
cent (Sahli) The umbilical bleeding had ceased There was no janndice 
The infant was given 0 6 c c of synthetic vitamin K (Kapilon) intramuscu- 
larly No further haemorrhage occurred and the infant was discharged two 
days later In the early hours of the following morning severe umbilical 
bleeding recurred and the infant died m three-quarters of an hour Unfortu- 
nately the plasma-fibnnogen, clotting time, and bleeding time were not 
estimated 


Clinical Features 

The prmoipal clinical features of congenital afibrinogenaemia m each of 
the seven published cases, including that recorded here, are shown m 
Table n 

Sex incidence The disease affects both sexes Five of the seven reported 
cases have been in boys, but no significance can be attached to this apparent 
predominance in males from such a small number of cases 

Haemorrhagic tendency from birth The congenital nature of the haemor- 
rhagic diathesis was shown in every case by the appearance of bleeding and 
ease of bruising in the early days of life 

Consanguinity This is a common and highly significant feature The 
parents were first cousins m three of the seven cases 

Heredity The occurrence of a haemorrhagic diathesis in relatives was 
noted in two of the cases The patients of Macfarlane (1938) and ourselves, 
both boys, each had a sister with a haemorrhagic diathesis The parents 
were first cousins in both instances 
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Fibrinogen No fibrinogen could be detected m the blood-plasma m any of 
the cases 

Oloitvng time Clotting of the blood did not occur at all in any of the cases 
Bleeding time The figures given for the bleeding time show a wide vena- 
tion It was increased in four of the six cases in which the time is given 
The cases of Rabe and Salomon (1920) and Opitz and Frei (1921) showed 
great prolongation, while Macfarlane’s (1938) case had a bleeding time of 
30 min on ono occasion and only 5| mm on another It was normal m our 
case nnd in that of Glanzmann, Steiner, and Keller (1940) 

Blood platelets Intermittent thrombocytopenia was observed m two of the 
seven cases The patient of Glanzmann, Steiner, and Keller showed a mini- 
mum count of 36,000 and a maximum count of 276,000 per c mm , while 
Macfarlane’s case gave figures of 60,000 and 425,000 per c mm respectively 
The platelet count was always within normal limits m the other five cases, 
including our own 

Capillary resistance Rabe and Salomon (1920) suggested the likelihood of 
some unknown change in the vessels in this disease, but Macfarlane (1938) 
was the first to demonstrate diminished capillary resistance Capillary 
resistance tests were not mentioned m most of the cases The positive 
pressure method (Hess) demonstrated diminished capillary resistance in 
Macfarlane’s case, but no abnormality was demonstrated by this method 
m our case According to the negative pressure method of Scarborough 
(1941), which assesses capillary resistance in terms of the least negative 
pressure (m mm of mercury) required to rupture capillaries m each of three 
standard areas of skin, the capillary resistance in our patient has always 
been found to be unduly low The values found m our case are as low as 
any that we have observed It is an important fact that although the 
negative pressure test consistently gave very low values for the capillary re- 
sistance, the positive pressure (tourniquet) test was negative Bell, Lazarus, 
Munro, and Scarborough (1942) found a low order of correlation between 
the results of positive and negative pressure tests in 142 medical students 
The negative pressure method had not been introduced when Maofarlane’s 
(1938) case of afibrmogenaemia was published 

Blood sedimentation rate A low blood sedimentation rate was demonstrated 
m both of the cases in which this test was done In both Macfarlane’s case 
and our own the rate was 1 mm in one hour Moreover, m our case sedi- 
mentation occurred at a constant rate (Table I) , this aspect of the blood 
sedimentation rate was not investigated by Macfarlane 

Pernod of survival The expectation of life is short Four of the seven 
cases died m childhood, and none of the remaining three had passed beyond 
this period of life at the time of publication There appears to be a -great 
danger of fatal umbilical haemorrhage in the early days of life This 
occurred in a sister of the boy whose case is recorded in the present paper 
and also m a sister of the boy whose case was reported by Maofarlane The 
fibrinogen content of the blood was not estimated in these two infants 



Results of the Principal Investigations Pertaining to the Haemorrhagic Diathesis of the Case Reported 
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because the possibihty of a deficiency of fibrinogen was not suspected, but 
such a deficiency is bkely to have been the oause of the haemorrhage It 
seems probable, therefore, that a considerable proportion of the patients 
suffering from this disease die from umbilical haemorrhage m the early days 
of life without a diagnosis ever having been made 

Treatment Haemorrhage should always be treated by rest m bed, and 
sedatives should be given to allay any nervousness Trivial haemorrhages 
often subside with these measures, but more severe and persistent haemor- 
rhage can be controlled only by intravenous transfusion with whole blood or 
blood-plasma Care must be taken not to use processed plasma, for the 
fibrinogen is almost entirely removed during the processing of plasma in 
many blood banks 


Congenital Hypofibnnogenaemia 

In addition to the seven recorded cases of congenital afibrinogenaemm, 
which have been analyzed in the present paper, four cases of congenital 
hypofibnnogenaemia have also been recorded These four cases were reported 
by Risak (1934, 1936) and all were adults who were unrelated to one another 
All had been ‘ bleeders’ for most of their lives and there was a family history 
of a liaemorrhagio diathesis m three of them In each instance the blood- 
plasma contained only about one twentieth of the normal amount of fibri- 
nogen The principal olmical features of these cases are shown in Table III 
It is remarkable that no further cases have been recorded smeo the publica- 
tion 10 years ago of Risak’s cases The case recently reported by Allibone 
and Baar (1943) as an example of congenital hypofibnnogenaemia cannot 
with certainty be regarded as such , their patient had severe and extensive 
disease of the liver which may have accounted for the low plasma-fibnnogen 


A Comparison of Congenital Afibrmogenaemia and Congenital 
Hypofibnnogenaemia 

Companson of Tables II and III will Bhow the pnncipal distinctions 
between these two conditions, which are as follows 

Age at onset of haemorrhagic tendency None of the records of the cases of 
congenital hypofibnnogenaemia states the age at which haemorrhagic mani- 
festations first appeared , it was said to have been * early life ’ in two cases 
and puberty in a third In all the cases of congenital afibnnogenaemia it 
was present from birth or shortly afterwards It seems likely, therefore, 
that the haemorrhagic state is not usually revealed as early when there is 
a small amount of fibnnogen as when there is none, but m the absence of 
acourate records this is largely a matter of conjecture 

Seventy of haemorrhage Both the frequency and the severity of the 
haemorrhage are considerably less in congenital hypofibnnogenaemia than 
when there is a total absence of fibnnogen 



Table II 

Principal Clinical Features of the Seven Reported Cases of Congenital Afibrmogenaemui 
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Consanguinity This feature did not occur in any of the four reported 
cases of congenital hypofibrinogenaemia, •whereas it occurred in three of the 
seven cases of congenital afibrinogenaemia 

Fibrinogen Only about a twentieth part of the normal amount of fibri- 
nogen was found in each of the four cases of congenital hypofibrinogenaemia 
Three of these had 0 018 gm per cent (normal range 0 2 to 0 4 gm per 
cent ) As the name implies, none was found m any of the eases of congenital 
afibrinogenaemia 

Clotting time This was normal in all four cases of congenital hypo- 
fibrmogenaenua, but clotting did not occur after a prolonged period in any 
of the cases of congenital afibrinogenaemia The presence of a normal clot- 
ting time in congenital hypofibrinogenaemia, m which only about 5 per 
cent of the normal amount of fibrinogen is found, appears to eliminate 
fibrinogen deficiency as a possible cause of an increased coagulation time in 
diseases showing less severe degrees of hypofibrinogenaemia 

Bleeding time This also was normal in all four cases of congenital hypo- 
fibrinogonaemia It was increased in four of the six cases of afibrinogenaemia 
in which it was recorded, but it was normal in the remaining two cases 
Blood platelets The platelet count was low m three of tho four cases 
of congenital hypofibrinogenaemia, but m only two of tho seven cases of 
congenital afibrinogenaemia 

Capillary resistance Tho positive pressure test (Rumpel-Leede) demon- 
strated diminished capillary resistance in only one of the three cases of 
congenital hypofibrinogenaemia in which it was done A similar lack of 
uniformity was found in congenital afibrinogenaemia, for although it was 
done m only two cases it was positive in one and negative in the other No 
comparison can be made with the negative pressure test, which was done 
only m our case of congenital afibrinogenaemia 

Blood sedimentation rate This was reported by Risak (1934) to have been 
normal m each of the three cases of congenital hypofibrinogenaemia in which 
it was estimated (the figures were 8 to 13, 12, and 15 mm m one hour 
respectively), but it was low m the two oases of congenital afibrinogenaemia 
in which the test was done (the figure was 1 mm m one hour in each 
instance) Smce the fibrinogen level in the blood-plasma is believed to have 
more influence on the blood sedimentation rate than any other factor, such 
a pronounced difference xa the blood sedimentation rate m the two con- 
ditions is surprising in view of the fact that the blood-plasma of the patients 
with congenital hypofibrinogenaemia contained only about one-twentieth of 
the normal amount of fibrinogen 

Period of survival The expectation of life appears to be good m congenital 
hypofibrinogenaemia, whereas it is poor m congenital afibrinogenaemia All 
of the four reported cases of the former disease were m adults— two were 
middle-aged and one 71 years— and all were stdl ahve, but all seven of the 
patients with a total lack of fibrinogen were children, of whom four had 

already died 
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Comment 

The term fibnnogenopema and the abbreviated term fibrmopema are 
commonly applied to all cases with an abnormally low fibrinogen or an 
absence of fibnnogen in the blood-plasma The normal range of plasma- 
fibrmogen m healthy persons is between 0 2 and 0 4 gm per cent , although 
the latter figure is frequently exceeded It seldom falls much below 0 2 gm 
per cent An increased level of fibrinogen occurs m a variety of diseases, 
particularly the infections An abnormally low plasma-fibnnogen is muoh 
less common and the causes of it are, therefore, less well known It appears 
from the literature that the less severe degrees of fibrmogenopenia are 
acquired, whereas the severe degrees with little or no fibrinogen m the 
plasma may be either congenital or acquired Congenital fibnnogenopema 
is probably caused by a hereditary defect of fibnnogen formation, whereas 
the acquired type is caused by some toxic or neoplastio interference with 
fibrinogen formation 

Schonholzer (1939) has suggested that congenital afibrinogenaemia and 
congemtal hypofibnnogenaemia may be vanants of the same hereditary 
disease, and that the parents of patients with the former disease are homo- 
zygous, while those of patients with the latter are heterozygous We believe 
that the relationship, if any, between the two diseases cannot be clanfied 
until a much larger number of cases has been investigated 

Numerous examples of acquired fibrmogenopenia have been published and 
several have shown a complete absence of fibnnogen Opitz and Silberberg 
(1924) found no fibrinogen m a three-year-old girl with generalized tuberou- 
losis m whom the hver was mostly replaced by caseous masses, and Jurgens 
and Trautwem (1930) found less than 0 1 gm per cent with no clottmg 
in 48 hours, in a man of 52 years with widespread prostatic metastases in 
the bone-marrow Allibone and Baar (1943) reported temporary afibnno- 
genaemia m an infant with congemtal obliteration of the bile ducts, and 
Knauer (1927) recorded the case of a girl of six years suffering from purpura 
Jxilmmans whose blood showed no clottmg after three days and a fibrinogen 
content of 0 015 gm per cent Glanzmann, Sterner, and Keller (1940) 
reported temporary afibrinogenaemia m a case of transitory haemorrhagic 
diathesis associated with haemolytic anaemia in an eight-months-old female 
infant These cases of severe acquired fibnnogenopema throw some light on 
the site of fibnnogen formation, and suggest that both the hver and 
bone-marrow are concerned with this function Confirmatory experimental 
evidence of such an origin has also been adduced (Muller, 1905 , Mann and 
Magath, 1922, Jurgens and Gebhardt, 1934, Keilhaok, quoted by Jurgens, 
1938) The whole reticulo-endothelial system may be concerned with fibri- 
nogen formation, but this is at present a matter of speculation The asso- 
ciation of thrombocytopenia with fibnnogenopema which has been observed 
in some cases might be thought to support the view that a disturbance of 
marrow function exists m congenital fibnnogenopema 
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Several workers have speculated on the fibrinogen level below which 
a haemorrhagic state appears, and a few investigators have attempted to 
define the threshold experimentally Jurgens and Trautwem (1930) postu- 
lated a threshold lying between 0 12 and 0 15 gm per cent , and Risak (1935) 
behoved it to be about 0 1 gm per cent Macfarlane (1938) and Allibone 
and Baar (1943) have shown experimentally that the ontical level is prob- 
ably about 0 00 gm per cent, but the latter workers, like Klinke (1938), 
showed that there is mutual compensation within certain limits among some 
of the factors concerned with coagulation of the blood This fact seems to 
account for the very low fibrinogen threshold of about 0 06 gm per cent 

A puzzling feature of the case of congenital afibnnogenaemia reported in 
tho present paper is the spontaneous arrest of bleeding, within a compara- 
tively short time after the extraction of two teeth (sec p 102), while at other 
times tho cutting or shedding of teeth caused persistent oozing of blood 
which lasted for several days We are doubtful as to the correct inter- 
pretation to bo placed upon these facts Such behaviour emphasizes the 
necessity for care m tho interpretation of observations in patients suffering 
from this disease and m the assessment of the offeot of treatment 

It has always been assumed that the bleeding tendency m cases of afibri- 
nogenaemia is due to tho absence of fibrinogen, but it seems that a low 
degree of capillary resistance is also a feature of the disease, which may in 
part account for some of the haemorrhagic manifestations There is not 
enough evidence to show whether intermittent thrombocytopenia contributes 
to tho haemorrhagic tendency (Allibone and Baar, 1943), but the presence 
of a normal platelet count at the time of haemorrhage in most of the oases 
shows that it is unimportant 


Summary 

1 A case of congenital afibnnogenaemia, which is a rare cause of the 
haemorrhagic diathesis, is reported in a boy aged 1 1 years 

2 Six other cases whioh have been recorded m the literature are reviewed 

3 The principal clinical features of congenital afibnnogenaemia are its 
hereditary character, a high inoidence of consanguinity in the parents, the 
susceptibility of both sexes, a total absence of fibnnogen m the blood, com- 
plete incoagulability of the blood, a bleeding time which is usually prolonged, 
a great reduction of capillary resistance, a low blood sedimentation rate, 
and intermittent thrombooytopema 

4 Treatment of the severe haemorrhage is by intravenous transfusion 
with whole blood or non-processed plasma 

5 Absence of fibnnogen is regarded aB the principal cause of the haemor- 
rhagic diathesis in congenital afibnnogenaemia, but diminished capillary 

resistance may be a contributory factor 

6 Four cases of congenital hypofibnnogenaenna which have been recorded 

m the literature are also reviewed 
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7 The principal distinctions between congenital afibnnogenaemia and 
congenital hypofibnnogenaemia are discussed The clotting time shows 
the greatest divergence , no clottmg occurs m afibnnogenaemia, whereas it 
is normal in hypofibnnogenaemia 

8 The aetiology of both the congenital and acquired forms of afibn- 
nogenaemia and of hypofibnnogenaemia is discussed 
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NEPHROCALCINOSIS ASSOCIATED WITH HYPER- 
CHLORAEMIA AND LOW PLASMA-BICARBONATE 1 

By G H BAINES, J A BARCLAY, and W T COOKE 

(From the Birmmgham United Hospital and Department of Physiology, 
Birmingham University) 

With Plate 6 

In 1936, Butler, Wilson, and Farber drew attention to a clinical syndrome 
characterized by persistent dehydration m the absence of excessive diarrhoea 
and vomiting and the presence of adequate food, salt, and water intake, 
a persistent hyperpnoea associated with sustained elevation of the serum- 
chloride concentration, reduction of the serum-bicarbonate content, and 
lastly deposits of calcium salts within and adjacent to certain renal tubules 
This syndrome occurred m four infants of ages varying from a few weeks to 
six months old As an appendage to their paper they described one further 
case of a 10-year-old boy with advanced Tickets, bilateral renal stones, and 
similar biochemical findings, but without any hyperpnoea 

In 1940, Albright, Consolazio, Coombs, Sulkowitch, and Talbott reported 
the case of a 13 -year-old girl with persistent rickets and dwarfism This 
patient also had massive calcium deposits m the pyramids of the kidneys, 
hyperchloraemia, and a low serum-bicarbonate level After extensive meta- 
bolic studies, it was concluded that the syndrome was a renal tubular disorder 
with inability to secrete ammonia or to excrete an acid urine, shortage of 
base with which to excrete mineral acids, specially the chloride radicles, 
increased calcium loss m the urine acting as a base, secondary hyperpara- 
thyroidism to meet the tendency of low serum-calcium, hypophosphataemia, 
and Tow phosphorus rickets’ 

Boyd and Steams (1941) under the title ‘Concomitance of chronic acidosis 
with late rickets’, described an ll-year-old girl with essentially similar 
metabolic findings This patient died unexpectedly, and the autopsy showed 
only slight calcium deposits in the pyramids whilst the tubules were essen- 
tially normal, though the convoluted tubules were considerably dilated The 
findings m this case suggested that nephrocalcmosis was not an essential 
part of the syndrome Boyd and Stearns postulated that the cause was 
a ‘ perversion of her whole electrolytic system rather than a primary tubular 
dysfunction’ 

Rule and Grollman (1944) reported a further case in a girl She had 
suffered from rickets and spontaneous fractures since the age of 15 months, 

1 Received January 28, 1945 


IQJLiL2\eTr Strict No. 54] 



114 


QUARTERLY JOURNAL OF MEDICINE 

and when first seen at the age of 15 years was unable to walk Investigations 
showed multiple renal calculi, low plasma-phosphorus, hyperchloraemia, low 
serum-bicarbonato, and relatively fixed specific gravity of the urine 

We have had under observation a 29-year-old woman with similar meta- 
bolic findings and kidney lesions, but without skeletal changes Although 



Fio 1 dopiots tho electrolyte pattern of the patieDt in 1042 and in 1944, comparing 
it with the normal The amount of caloium, potassium, and magnesium havo been 
assumed to remain constant at 12 m eq C is the suggested correct pattern in 1942 
when allowances have been made for the increased serum-proteins in maintaining 
osmotio pressure in the plasma In both 1942 and 1944 there is an increase in the 
orgamo acids, phosphate, and sulphate components The lack of any marked alteration 
m this fraotion suggests that there has been no change in the kidney funotion over the 
past two and half years 

she is considerably older than the other reported cases and has no bone 
lesion, we consider that the under lying disorder is probably the same 

Case Report 

The patient, aged 29 years, was first seen by one of us (G H B ) in 1940 on 
account of ureteric colio At that time Bhe felt well and was carrying out 
the duties of a staff nurse She had had no serious illness and her ohildhood 
had been uneventful On questioning, she stated that she had suffered with 
polyuria and thirst since the age of 10 years so that she considered these 
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symptoms to be part of ber normal make-up She had had no symptoms m 
the past suggestive of pyelonephritis or cystitis, and had never taken exces- 
sive amounts of vitamin D For some years she had had soreness of the 
corners of the mouth during the winter months and, m addition, had had 
a sore tongue over the previous two years 

Her mother, two brothers, and sister were healthy, and did not suffer from 
thirst or polyuria Her father, however, is stated to have died of renal stones 
at the age of 45 years, but no further details are available 

Since first being seen m 1940, the patient has had a few attacks of ureteric 
colic and has passed small calculi She has also had occasional attacks of 
upper respiratory mfection, but otherwise has been carrying out her nursing 
duties She drinks a large amount of water daily, usually waking during the 
night for a drink Menstruation started at 12 years, and as regular every 27 
days, lasting for four days 

In appearance, she was moderately well built, height 5 ft 7 m and weight 
7 st 10 lb Her skm was of good texture with no pigmentation, hyper- 
keratosis, or other abnormality The teeth were m good condition No 
abnormality was detected m the heart, lungs, or central nervous system 
Her blood pressure was 110/70 

Preliminary investigations An X-ray (Plate 0, Fig 2) showed multiple 
stones throughout both kidneys An intravenous pyelogram showed that the 
stones were situated in the pyramids and that there was little to be seen in 
the kidney substance itself The kidney pelves had not undergone any 
marked dilatation (Plate 6, Fig 3) X-rays of the femur, humerus, pelvis, 
tibiae, and skull showed no evidence of decalcification The appearance of 
the sella turcica was normal 

Numerous urine examinations have shown amounts of albumen varying 
from the merest trace to moderate quantities Microscopical examination has 
Bhown only pus and red blood cells Several bacteriological examinations 
have been negative, and mooulation of guinea pigs has been negative for the 
tubercle bacillus The urine contained no cystine, sugar, or ketone bodies 
Estimations of the pH on six occasions showed it to vary between 6 7 and 7 1, 
A ketogenio diet and ammonium chloride (45 gr daily) depressed the pH 
only to 6 3 

An initial urea clearance test m 1940 showed 45 per cent of normal 
function, whilst a urea concentration test gave the following readings 

lat specimen 295 c o Urea concentration 1 4 per cent 

2nd ,, 69 ,, ,, ,, 13 ,, ,, 

3rd „ 226 „ „ „ 0 7 „ „ 

Twelve months later a second test showed 

1st specimen 960 o c Urea concentration 1 7 per cent 

2nd .. 04 „ „ „ 16 „ „ 

3rd .. 230 „ „ „ 10 „ „ 

Her blood count showed red cells 4,600,000 per c mm , white cells 11,000 per 
o mm , and haemoglobin 58 per cent The count rapidly returned to normal 
levels with iron therapy The blood-urea varied between 35 and 45 mg per 
100 c c Serum-calcium was 11 0 and 12 months later 10 0 mg per 100 o c 
with the serum-phosphorus 1 8 and 3 2 mg per 100 c c and the serum-phospha- 
tase 8 and 13 units respectively The serum-chloride was raised, 060 mg per 
100 c c (113 m eq ), while the plasma carbon dioxide combining power was 
low,32vol per cent (14 3meq) These preliminary investigations suggested 
that this might be a further case of the syndrome so fully investigated by 
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Albright, Consolazio, Coombs, Sulkowitch, and Talbott (1940), More detailed 
observations were therefore made 

Calcium balance On a diet containing 0 467 gm of calcium and 0 757 gm 
of phosphorus per diem for six days, the following results were obtained 
during the last three days of the test 


Urinarj calcium 
4tb day 294 mg 

5th „ 277 „ 

Cth „ 202 „ 


Faocnl calcium 
533 mg 
por diem 


Unnarj' phosphorus 
091 mg 
670 „ 

624 „ 


There was therefore a negative balance of 387 mg of calcium daily 

Cholesterol excretion in a 24-hours specimen of unne on a normal hospital 
diet was within normal limits, 10 mg 

Bespirahon Several examinations of the ventilation rate and alveolar air 
were made After 10 hours sleep, the vontilation rate was 4 17 1 per minute, 
and when not under basal conditions 4 871, with an alveolar carbon dioxide 
of 25 8 mm and alveolar oxygen of 107 mm of mercury The respiration 
rate was between 15 and 10 per minute 

Urinary excretion In Table I a detailed analysis of the unne over 24 hours 
on a restricted fluid intake is given Both the pH and the specific gravity 
are relatively fixed Ammonia excretion is low These examinations were 
repeated while the patient was taking 20 gm daily of a sodium citrate-citric 
acid mixture (Albright, Consolazio, Coombs, Sulkowitch, and Talbott, 1940), 2 
but no appreciable change was detected When she took 40 gm daily and 
fluids there was again no essential change (Table II) 
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1 6 42 Acid + ammonia — bicarbonate «■ 230 o c 0 IN acid 
Total phosphorus (as phosphorus) 667 mg 
Total sodium chloride 6 7 gm 


Blood analyses In Table III the various blood analyses are given 
Over the first 20 months of observation, during which the anaemia was cor- 
rected and the citric acid mixture taken intermittently, no change was noted 

* Citric acid 140 gm 

Sodium citrate 08 gm 
Water to 1000 c c 
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After two weeks steady administration of 40 gm daily of the mixture, the 
acid-base balance approached normal values and the serum-protems began 
to return to normal levels 

Table II 
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May 1944 24-hour urine Vol 3040 c c 

Total phosphorus (as phosphorus) 6 1 gm 
Total sodium chloride 6 9 gm 

Total ammonia 106 o o N/10 acid 


Table III 
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Urinary calculi Chemical analysis of the calculi showed the presence of 
calcium, phosphate, and carbonate with amounts of cholesterol up to two 
per cent in some specimens There were no halogens present The X-ray 
diffraction pattern Bhowed that they were essentially similar or identical in 
composition with ‘dahlite’, that is, they could not he distinguished from 
bone They were freely soluble in a solution of magnesium oxide and citric 
acid (solution G of Suby and Albright, 1943), a point which may be of value 
m other cases when therapy is under consideration 
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Present status, 1944 For the post two years the patient has heen workinj 
full timo as the staff nurse m a busj' surgical ward She has had one attacl 
of severe ureteric coho (May 1943), after whioh she passed a number of smal 
stones For the past six months she has been taking the citric acid mivtun 
regularly Her weight has now increased to 8 st 1 lb Her present metabob 
state is sot out m the last column of Table III Several X-rays over the pasi 
four years show very little change in the size of the stones She states tha 
her general health is better now than it ever has been before m spite of hei 
working harder 


Discussion 

The gross disturbance of electrolyte balance m this patient can well bt 
shown by graphic representation (Fig I) The striking feature is the moreasc 
of chlorides at the expense of the serum-bicarbonate There are thret 
theoretical explanations for this increase, firstly an alteration of intestinal 
habit leading to increased absorption of chloride or loss of base without 
accompanying chlondo, secondly hyperpnoea, and lastly a relative loss of the 
ability to excrete chlorides by the kidneys The first reason can be ruled out 
since there has never been any suggestion of intestinal upset m this case 
According to Peters and Van Slyke (1931), hyperpnoea may lead m some 
oases to a fall in serum-bicarbonate and rise m sorum-ohloride In the infants 
reported by Butler, Wilson, and Farber (1936) hyperpnoea was present, but 
m our patient there was no evidence of this It seems, therefore, that the 
kidney itself must provide the explanation for the maintenance of this meta- 
bolic state Albright, Consolazio, Coombs, Sulkowitch, and Talbott (1940) 
indicate that the mulm clearance is low, as also are the creatinine and urea 
clearances Their argument that the low clearances of the last two substances 
are due to the tubular damage appears unwarranted, inasmuch as the fall 
from normal values is proportional to the fall of mulm clearance This indi- 
cates that a certain number of nephrons are completely out of action, 
presumably blocked by calcium Such a condition would explam the poly- 
uria, the fixed speoific gravity, and the inability to seorete ammonia There 
are, however, two good reasons for rejecting this hypothesis Experimentally, 
one has to destroy at least two-thirds of the kidney substance to produce 
these urine changes From the urea clearance figures of the two reported 
cases (Albright, Consolazio, Coombs, Sulkowitch, and Talbott, 1940, Rule 
and Grollman, 1944) and of our patient, this certainly is not true Further- 
more, if a large amount of kidney destruction were present, a condition of 
hypoohloraemia and not hyperchloraemia would be present (Peters and Van 
Slyke, 1931) 

Albright and his colleagues suggested that the kidney in this condition is 
unable to exorete acid Although, m our case, titrable acid appears to be 
low, we have no adequate standards of acid excretion, and as Blatherwiok 
(1914) has pomted out, measuring intake does not help There is, too, no 
great increase in the acid fraction of the serum The ratio of deomormal 
a mm oma to deomormal acid m the urine is well above the lower limits of 


NEPHROCALCENOSIS ASSOCIATED WITH HYPERCHLORAEMIA 119 


normal If there is a deficit in acid secretion, we would postulate that it is 
partly due to an attempt to conserve base Boyd and Stearns (1941) pointed 
out the inability of the body to conserve water and excrete ammonia m 
sufficient quantity to conserve base They considered that this might he 
attributable to a perversion of the whole pattern of electrolyte and water 
control rather than to a primary derangement of the renal tubules This 
possibility cannot be dismissed Hyperchloraemia has been reported m 
diabetes insipidus and it is conceivable that a mild state of diabetes insipidus 
over a prolonged period of time might eventually lead to calcium deposition 
-and secondary tubular damage, and so to the extreme upset of metabolism 
present m our patient Adrenal hormones may also give nse to alterations 
m chloride and water metabolism (Thome and Engel, 1938 , Ragan, Ferrebee, 
Phyte, Atchley, and Loeb, 1940), but there was no evidence that such 
hormones were playing any part in our patient’s illness 

In the absence of evidence of retieulo-endothelial involvement, we have 
regarded the raised serum-protein as an attempt to preserve the osmotic 
pressure of the serum, as is seen in states of dehydration If we assume that 
this is the position and portray the electrolyte picture with the proteins 
adjusted to a normal level of 7 gm per cent , it will be seen that there is 
actually a defioit of base m spite of a normal or slightly elevated serum- 
sodium Such a finding would not be unexpected from our interpretation of 
the urinary excretion of electrolytes In Albright, Consolazio, Coombs, 
Sulkowitch, and Talbott’s case the total proteins were 6 5 gm per cent , but 
were not recorded in the other three reported cases The suggestion that 
the raised protein is a manifestation of dehydration and lack of base is 
strengthened by the return to normal values with the provision of extra 
sodium 

In the patient of Butler, Wilson, and Farber, Analysis of the stone showed 
it to be a oalcium-phosphate-carbonate compound of the composition of 
bone It is probable that this stone was similar to that found in our patient 
Our analysis revealed that there was only a minimum of organic matrix (as 
shown by the cholesterol content) Compounds of this type are formed in 
neutral or slightly alkaline solutions (Logan, 1940) The exact mode of 
formation must remain undecided at present Similarly, the site of deposi- 
tion is not known with certainty Butler, Wilson, and Farber reported that 
when nephrolithotomy was attempted m their older patient the calcification 
was so diffusely and intimately associated with the renal parenchyma that 
separation was impossible At the autopsy on Boyd and Stearns’s case the 
convoluted tubules were considerably dilated, though the epithelium was 
well preserved and showed only mild vacuolation There were a few small 
areas of calcium deposition in the pyramids In the infants reported upon 
by Butler, Wilson, and Farber the earliest lesion appeared to be calcium 
deposition within the walls of the collecting tubules, between the basement 
membrane and theepithelial cells, and withm the connective tissuesurrounding 
tho tubules Deposits of calcium were rarely found m the proximal collecting 
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tubules In these cases, which may not have been essentially the same 
syndrome as the oase wo are considering, rings of an organic matrix could be 
seen in the oalcium deposits It is possible, as we have stated, that the calcium 
deposition was not an essential part of the syndrome and that the few 
pathological observations available support the metabolic observations that 
the tubules are at fault 

Albright, Consolazio, Coombs, Sulkowitch, and Talbott secured good sympto- 
matic results in their oase with a sodium citrate-citric acid mixture Under 
carefully controlled metabolio conditions, they found that a high calcium 
and phosphorus, low ohlondo diet combined with 40,000 units of vitamin D2 
daily and GO c c (12 gm ) of citrate mixture produced a rise of serum- 
bicarbonate from 14 2 to 20 1 meq, though the chloride did not change 
much, from 114 1 to 112 3 m eg It should also be noted that when the 
patient was first seen, before treatment, the serum-bicarbonate was 19 3 m eq 
The patient was discharged on this therapy though with a much reduced 
dosage of vitamin D During the next nine months she grew three inches 
m five months, whereas in the previous eight months she. had grown only 
one inch She had also become maturely built with developed breasts and 
had had her first menstrual period X-rays showed that new bone had been 
laid down, contrasting sharply with that laid down prior to treatment, and 
the kidney lesions appeared to have decreased The seruimphosphonis had 
risen to normal levels from 2 1 to 4 1 mg per 100 o c The serum-chlonde 
was only slightly elevated, 107 m eq , the carbon dioxide combining power 
was still 19 0 ra cq , and the urinary specifio gravitv and pH were still 
relatively fixed It is difficult to evaluate the coincidental factors that may 
have played some part in this case The increase in the serum-phosphorus, 
whether due to vitamin D or improved tubular resorption, undoubtedly led 
to the improvement in the skeletal condition Similarly, whether the im- 
provement of the chloride acidosis was brought about by increased base pro- 
vision or by a functional improvement m the tubular physiology due to the 
onset of menstruation are possibilities to be considered Rule and Grollmen 
(1944) used the same therapy as Albright and his colleagues in their case 
and reported a striking improvement in the skeletal condition, the patient 
being enabled to walk The biochemical findings, however, did not show any 
great improvement, the carbon dioxide combining power rising from 26 vol 
(11 G m eq ) to 3G vol per 100 c c (16 1 m eq ) As would be expected from 
the improvement in the skeletal condition, the caloium and phosphorus 
values rose from 9 and 2 7 to 11 6 and 0 0 mg per 100 c c respectively 
In our patient the serum-phosphorus has tended to be low, but with 
therapy has returned to normal levels A possible interpretation is the 
correction of acidosis, allowing the more adequate reabsorption of phosphate 
by the tubules There appears to be no need to postulate a secondary hyper- 
parathyroidism in any of the reported cases, as suggested by Albright, 
Consolazio, Coombs, Sulkowitch, and Talbott (1940) m their case The 
calcium balance study m our oase showed that the decalcification must take 
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place The lack of any radiological evidence, however, must indicate an 
adequate replacement when on an unrestricted and self-selected diet At 
first with therapy, only subjective improvement was obtained, but with 
increase in dosage a return to an approximately normal electrolyte picture 
was obtained Nevertheless, though the blood ohanges had returned to 
normal, the urinary findings showed no real alteration The specific gravity 
and pH were still constant From the results of reported cases and particu- 
larly of our patient, it seems that the improvements are due almost entirely 
to the provision of extra base, and that the tubules, as Aibnght and his 
colleagues have suggested, are mcapable of forming sufficient ammonia to 
allow the excretion of acid radicals without excessive loss of vital basic 
elements With the provision of extra base also, the necessity for raised 
serum-proteins to maintain the osmotic pressure of the plasma disappears, 
with their consequent return to normal values 

Even if the mam electrolyte changes and effects become clear, it is still 
not obvious whether the tubular dysfunction is primary or secondary to 
endocrine factors, metabolic errors, or local inflammatory lesions such as 
nephritis The existence of polyuria for at least 20 years in our patient 
seems to rule out a nephritic lesion Furthermore, cases of hyperchloraemio 
nephritis (Peters, Wakeman, and Lee, 1929) bear little resemblance to this 
syndrome Albright and his colleagues have rightly compared the condition 
to the cases reported by Fancom (1931, 1936) of children with resistant 
nckets, acidosis, and glycosuria Similar cases reported subsequently have 
been reviewed by McCune, Mason, and Clarke (1943), and seem to substantiate 
Fancom’s suggestion that the kidney itself might be the aetiological factor 
Hunter (1936) reported two cases with osteomalacia, low serum-phosphorus, 
and renal glycosuria, while we have had under observation a similar patient 
in whom we were able to show that the tubules were unable to reabsorb 
normal amounts of phosphorus There is, too, the common renal glycosuria, 
a defeot of tubular function There seemB then to be no reason agamst the 
supposition that one or many of the tubular functions may be defective 
The death of our patient’s father from renal stones, though details are 
lacking, raises the possibility of an inherited defect Further work is necessary 
before it will be possible to assign to any circulating hormone or metabolic 
error a primary role m the production of these syndromes 


Summary 

1 The case history and metabolic findings of a 29-year-old woman with 
polyuria, extensive bilateral renal stones, raised serum-chlondes, low plasma- 
bicarbonate, and relatively fixed specific gravity and pH of the unne are 
described 

2 With a sodium citrate-citric acid mixture the patient regained good 
health and her blood chemistry findings became approximately normal 
Kidney function remained unchanged. 
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3 Four similar cases from the literature, but arising before puberty, are 
reviewed It is concluded that they form one of the syndromes brought 
about by a defect m tubular function The basis is an inability of the tubules 
to form sufficient ammonia to allow the excretion of acid radicals without 
the loss of vital basic elements The defect may be compensated for by the 
provision of extra base 

4 It is considered unlikely that the tubular defeot is inflammatory m 
origin, but there is insufficient evidence at present to assign a definite reason 
for the tubular dysfunction 

REFERENCES 

i Albright, F , Consolazio, W V , Coombs, F S , Sulkowitoh, H W , and Talbott, J H 
(1940 ) Bull Johns Hopkins Hosp 66,7 
Blathorwick, N R (1914) Arch Int Med 14, 409 
Boyd, J D , and Stearns, G (1941) Am J Dis Child 61, 1012 
Butler, A M , Wilson J L , and Farber, S (1036) J Pediat 8, 489 
Fanconi, G (1931) Jahrb f Kmderh 133, 267 
(1930) Ibid 147,299 

Hunter, D (1935) Proc Roy Soc Med 28, 1619 
Logan, M A (1940) Physiol Rev 20, 622 

McCune, D J , Mason, H H , and Clarke, H T (1943) Am J Dis Child 65, 81 
Peters, J P , and Van Slyko, D D (1931) Quantitative Clinical Chemistry, vol l (Inter- 
pretations), 1038 

Wakoman, A M , and Lee, C (1929) J Clm Invest 6, 661 

Ragan, C , Forroboe, J W , Phyto, P , Atchloy, D W , nnd Loob, R F (1940) 
Am J Physiol 131, 73 

Rule, C , and Grollmnn, A (1944) Ann Int Med 20, 63 
Suby, H I , and Albright, F (1943) New Eng J Med 228, 81 
Thorne, G W , and Engol, L L (1938) J Exp Med 68, 299 


APPENDIX 
Methods of Estimation 

Blood The following methods have been used in analysis Blood-urea, 
Twort and Archer , non-protein nitrogen, Folm and Wu, cholesterol, modifi- 
cation of Myer-Wardell method, calcium, Kramer and Tisdall, phosphorus, 
Kuttner and Cohen, phosphatase, Jenner and Kay, potassium, Peters and 
Van Slyke, sodium, Eisermann’s modification of Kramer and Gittleman’s 
method, albumen and globubn, colorimetric method of Wu and Ling, 
creatinine, Fohn and Wu, plasma-carbon dioxide, Peters and Van Slyke, 
plasma pH, electrometric method , chlorides, modified Volhard method 
Urine Bicarbonate was measured by Van Slyke manometer, pH by glass 
electrode, chlorides by Volhard-Harvey method, ammonia by the Van 
Slyk© aeration method or the Conway units, cholesterol by the colorimetric 
method of Peters and Van Slyke 
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ADDENDUM 

In April 1945, after a short illness, the patient died Death appears to 
have been precipitated by a severe reaction to sulphathiazole Preliminary 
histopathological examination of the kidneys showed calcification m the 
pyramids and renal pelvis, hut negligible amounts within the tubules and 
kidney tissues The tubules themselves showed extensive vacuolation and an 
alteration m the type of epithehum Occasional glomeruli were atrophied 
There was no evidence of primary chrome vascular disease or glomerulo- 
nephritis The findings, which will be reported in full later, appear to 
support the suggestion of tubular dysfunction set out above 
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THE EPIDEMIOLOGY OP INEECTIVE HEPATITIS IN 
SOME UNITS OP THE BRITISH ARMY IN SICILY 
AND GREAT BRITAIN, 1943-4 1 

BrA M MoFARLAN 

Epidemics of jaundice were apparently known to the Hippocratic physioians 
(Cockayne, 1912) and since the middle of the eighteenth century many 
epidemics have been reported from all over the world (Hirsch, 1864 , von 
Bormann, Bader, Demes, and Unholtz, 1943) In some of these outbreaks 
jaundice may have been a complication of some other infection or due to 
leptospiral infection, but many appear to have been due to the disease 
whioh is now known as infective hepatitis There is some evidence of a long- 
term variation in prevalence, for Gibson (1913) found records of many 
epidemics m England m 1888-94 and again in 1910-13 with few m the 
intervening years In the United States of America there were only a few 
recorded outbreaks in the Southern States between the epidemic during the 
civil war of 1851-6 and 1886 Between that year and 1920 there were at 
least 50 outbreaks, some of them m the Northern States In 1920 there 
was a further mcrease whioh cu lmin ated m 1921-2 with 200 outbreaks in 
New York State (Blumer, 1923) Since that time the disease has apparently 
been less prevalent m the United States, but there have been epidemics m 
the Scandinavian countries, Germany, and Great Britain Most of the 
British epidemics affected rural areas, but m 1942-3 cases were reported m 
Wolverhampton (Edwards, 1943) and an epidemic m Wembley (Ford, 1943) 
The statistical epidemiology has not been fully worked out, although 
valuable figures are available for Sweden where the disease has been noti- 
fiable since 1931 (Selander, 1939) In England epidemics are most frequent 
among children of school age m rural districts In some epidemics adults 
between 20 and 30 years have been chiefly affected (Gibson, 1913) No age 
is exempt, but the disease is rare m children under five years Epidemics 
are most common m autumn and winter and are usually prolonged over 
several months A few explosive outbreaks have been reported Multiple 
cases in households are more frequent than they would be on a random dis- 
tribution, presumably on account of home contact School contact also may 
spread infection Despite claims that a few epidemics have been due to 
water-borne or milk-borne infection, there is no conclusive evidence of such 
spread, and it has been excluded in many epidemics ' 

Tho field epidemiology has been thoroughly studied by Pickles (1939) 
wlioso use of the opportunities of a country practice has established many 

1 Receded December 23, 1944 
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THE EPIDEMIOLOGY OF INFECTIVE HEPATITIS IN 
SOME UNITS OF THE BRITISH ARMY IN SICILY 
AND GREAT BRITAIN, 1943-41 

By A M McFARLAN 


Epidemics of jaundice were apparently known to the Hippocratic physicians 
(Cockayne, 1912) and since the middle of the eighteenth century many 
epidemics have been reported from all over the world (Hireoh, 1864 von 
Bonnann, Bader, Demes, and Unholtz, 1943) In some of these outbreaks 
jaundice ^may have been a complication of some other infection or due to 
leptospiral infection, but many appear to have been due to the disease 
which is now known aa infective hepatitis There is some evidence of a long- 
term variation m prevalence, for Gibson (1913) found records of many 
epidemics in England m 1888-94 and again m 1910-13 with few m the 
intervening years In the United States of America there were only a few 
recorded outbreaks m the Southern States between the epidemic during the 
civil war of 1861-6 and 1886 Between that year and 1920 there were at 
least 60 outbreaks, some of them in the Northern States. In 1920 there 
was a further increase which culminated in 1921-2 with 200 outbreaks in 
New York State (Blumer, 1923) Since that time the disease has apparently 
been less prevalent m the United States, but there have been epidemics in 
the Scandinavian countries, Germany, and Great Britain Most of the 


British epidemics affeoted rural areas, but m 1942-3 cases were reported m 
Wolverhampton (Edwards, 1943) and an epidemic in Wembley (Ford, 1943) 
The statistical epidemiology has not been fully worked out, although 
valuable figures are available for Sweden where the disease has been noti- 
fiable since 1931 (Selander, 1939) In England epidemics are most frequent 
among children of school age in rural districts In some epidemics adults 
between 20 and 30 years have been chiefly affected (Gibson, 1913) No age 
is exempt, but the disease is rare in children under five years Epidemics 
are most common in autumn and winter and are usually prolonged over 
several months A few explosive outbreaks have been reported Mult 1 
cases in households are more frequent than they would be on a random d & 
tnbution, presumably on account of home contact School contact 1 
spread infection Despite clainiB that a few epidemics have be & 
water-borne or milk-bome infection, there is no conclusive , U6 

spread, and it has been excluded in many epidemics < 06 8nC 

The field opidcnnolop has been thoroughly staged by P.ddc. ( 1030 ) 
rtos. use oi tho opportunities of e country pructa Uuy 

1 Receded December 23 1944 ' 
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both groups was infective hepatitis Epidemiological data collected from the 
units are compared m the present paper with findings m civilian and other 
military epidemics, and analysed to show what evidence there was of 
straggling or explosive epidemics, of spread by contact, and of the influence 
of precipitating faotors 

Monthly Incidence in Large Formations 
Most of the units of Group X and of A, B, and C Divisions had landed m 
Sicily early m July 1943 and remained there until their return to Great 

Table I a 

Monthly incidence of cases 



July 

Aug 

July 1943 to March 1944 
Sept Oot Nov Dec 

Jan 

Feb 

Mar 

Total 

Group X 

2 

4 

16 

30 

28 

19 

22 

6 


3 

130 

A Division 

10 

9 

14 

40 

15 

8 

7 

10 


7 

120 

B Division 

— 

4 

9 

23 

59 

51 

12 

5 


— 

163 

C Division 

1 

8 

16 

50 

81 

67 

38 

7 


6 

273 

Total 

nr 

25 

55 

143 

183 

145 

79 

28 


15 

686 

Table I b 

Monthly incidence of cases in schools of a country town 
May 1943 to February 1944 

Number of 

School children May June July Aug Sept Oct Nov. Deo Jan 

Feb 

Total 

A 

302 

2 

4 8 

9 

17 

20 

22 

2 

1 

4 

89 

B 

260 

— 

3 8 

5 

18 

7 

2 

1 

— 

— 

44 

C 

179 

— 

— 1 

1 

2 

4 

4 

6 

1 

1 

19 

D 

60 

— 

— — 

— 

2 

2 

— 

— 

— 

— 

4 

Total 

791 

2 

7 17 

15 

39 

33 

28 

8 

2 

5 

156 


Britain A few units were sent from Sicily to Italy and returned thence 
either direotly or via Sicily or North Africa The numbers of cases which 
had oocurred before units arrived in Great Britain were obtained from 
returns made by A DAI S s and RMOs These figures are somewhat lower 
than the true figures because m a few units no records were available and 
because no information could be obtained about cases evacuated to hospital 
before the diagnosis was made Nevertheless, they give an idea of the rise 
of the epidemic which agreed with the impressions of A D M.S s and M 0 s 
of field ambulances Cases which occurred after arrival m Great Britain 
were notified by A D M S s and checked against hospital returns 
The monthly totals for all units together (Table la) show an almost 
symmetrical rise and fall with the peak m November and a high incidence 
in Ootober and December The peak m A Division was in October, in 
Group X in October and November, and m B and C Divisions m November 
and December An exact parallel can be found in civilian epidemics where 
the smooth curve for a group of schools m a town can be broken down into 
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important points Ho puts tbo incubation period at 26 to 30 days, which 
slightly reduces the range of Booth’s (1927) suggestion of 20 to 40 days 
Tho common occurrence of serial infection m families with intervals of 20 to 
40 daj's between cases suggests that the period of infectmty is short 
Infection has been transmitted by cases eight days bofore and seven days 
after tho appearance of symptoms, and the release of cases from isolation 
a fortnight after tho onset of symptoms has proved to bo safe Transmission 
appears to bo by droplet infection Similar findings have been recorded by 
Dunlop (1935) nnd Nowman (1942) m rural areas and Ford (1943) m the 
town of Wembley Ford, however, concluded that although it was probable 
that the modo of infection was by droplets, the possibility of spread by 
faecal contamination of fingers had to bo considered 

Epidemics of jaundico have frequently occurred m troops m war tune 
Tho outbreak during tho American civil war has already been mentioned 
and tho disease also affected German troops in France in 1870 and British 
and French troops in tho Middle East m 1915-18 More recently German 
troops liavo boon affected in Libya, Russia, and Norway, and large-scale 
epidemics have ocourred among British troops m the Middle East m 1942, 
and there and in Sicily and Italy in 1943 In 1915-18 the Middle East 
epidemics were associated with entonc fevers and dysentery, and faecal 
transmission was thought to be tho mode of spread In the Middle East 
epidemic of 1942 Spooner (1944) noted the absence of 20 to 40 day intervals 
between cases in tank and vehicle crews which suggested that the disease 
was behaving differently from infective hepatitis in English villages It 
seemed also that spread by droplets was unlikely beoause the disease did not 
spread from new arrivals in prisoner of war cages, among whom the disease 
was nfe, to prisoners who had been in the cages for some months Cameron 
(1943) thought that contact infection did not explain the epidemics and 
that the infective agent was widely dispersed among troops who sucoumbed 
up to six months later under conditions of physioal stress It has also been 
suggested that the disease is spread by blood-sucking insects 

There appeared therefore to be several points of difference between the 
epidemiological pattern of the disease causing jaundice among troops in the 
Middle East and that found m epidemics of mfeotive hepatitis m England 
An opportunity to collect information about these points ocourred late in 
1943 when some units of the British Army returned to Great Britain from 
the Mediterranean area with an epidemic of jaundice in progress among 
them Four formations were affected — a Group of units (X), an Armoured 
Division (A), and two Infantry Divisions (B and C) The chnioal features of 
the disease in men from these units were investigated by Wilson and com- 
pared with the findings m oases which ocourred in home-based troops m 
1943-4 Comparisons of haematologioal and biochemical findings were made 
by Miles and Pollook respectively It ib hoped that all the results will be 
published abortly The olmical course and laboratory findings m the two 
groups of cases were so similar as to leave no doubt that the disease affecting 
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month and reached a peak during the voyage and immediately after arrival 
in Great Britain The number of cases m the nest two weeks was less, but 
there was a sharp rise m the following two weeks The men who fell ill then 
had been in close contact four weeks earlier with cases on board ship, where 

X Quo UP 





troops were crowded together and upper respiratory infections were preva- 
lent In C Division the rise m the incidence of infective hepatitis began 


Table in 


Monthly cases m units of Group X known to have arrived tn 
Great Britain on different dates 


Arrived 

Late 1043, from Sicily 
Late 1043, via Algiers 
Early 1944, from Italy 


1943 1944 


July 

Aug 

Sept 

Oct 

Nov. 

Dec 

Jan 

Fob 

Mar 

— 

1 

4 

7 

9 

0 

4 

1 

1 

1 

1 

4 

19 

12 

10 

12 

3 

o 

— 

— 

— 

— 

3 

— 

— 

2 

— 

1 

o 

8 

28 

24 

16 

16 

c 

3 
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a series of epidemics in different schools with peaks in different months 
(Table lb) 


Weekly Incidence m Large Formations 

Table II and Fig 1 show differences in the course of the epidemics m 
Group X and B and C Divisions The epidemic in Group X had no marked 

Table II 


Weekly cases of infective hepatitis 



July 1043 

to March 1944 





1st 

2nd 

3rd 

4th 

6th week 

Total 

/July 





1 

1 


2 


August 

— 

1 

2 

1 


4 


Soptombor 

4 

o 

1 

9 


16 


October 

6 

7 

7 

2 

9 

30 

Group X 

Novomber 

11 

0 

7 

4 


28 


Decombor 

5 

2 

12 



19 


January 

4 

0 

4 

6 

3 

22 


February 

3 

1 

1 

1 


6. 


\Mnrch 

2 

— 

1 

— 


3 







Tio 


/July 

. 







_ 




August 

1 

2 

1 




4 


September 

o 

2 

4 

1 


9 


Octobor 

3 

5 

7 

4 

4 

23 

B Division 

No\ ember 

21 

20 

10 

8 


60 


| December 

12 

19 

18 

2 


61 


! January 

1 

2 

4 

3 

2 

12 


February 

o 

2 

1 

— 


5 


^ March 

— 

— 

— 

— 


— 
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/July 





_ 

1 



1 

1 

August 

1 

1 

2 

4 


8 


September 

3 

8 

1 

4 


16 


October 

7 

4 

14 

12 

13 

60 

C Division 

November 

22 

15 

28 

16 


81 


December 

39 

12 

3 

13 


67 


January 

14 

9 

9 

2 

4 

38 


Fobruary 

2 

2 

X 

2 


7 


v March 

— 

— 

X 

4 


6 


273 


peak, but there was an appreciable rise m the moidence of hepatitis from 
September to January The units in Group X bad different itineraries and 
different battle experience m Sioily and Italy and arrived m Great Britain 
at different times The epidemic lasted longer m units which broke their 
journey at Algiers than m those which came straight either from Sicily and 
arrived a fortnight earlier or from Italy and arrived early in 1 044 (Table HT) 
Ambulant cases, not included m the Tables, occurred during the fortnight 
spent in Algiers and were a possible source of infeotion for the cases whioh 
occurred in January The epidemic m B Division began m October, a month 
after the troops moved into billets m Sicily The incidence rose during that 
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appeared on 4 1 44 and conjunctival icterus on 6 1 44 On 25 1 44 his wife 
developed ‘influenza’ and later became jaundiced This was 26 days after 
her husband’s last contact with her There was no other known source of 
infection m the village where she lived An officer of B Division fell ill 
while on leave on 23 11 43, his wife developed jaundice 26 days later 
(19 12 43), and his mother-in-law and sister-m-law became jaundiced on 
3 1 44 A corporal developed jaundice while on leave on 23 11 43 and his 

Table IV 

Cases in Companies and Batteries in 10-day periods after initial case 
Days 0 to 9 10 to 19 20 to 29 30 to 39 40 to 49 50 to 59 60 to 69 0 to 69 

Cases 29 28 38 45 27 17 19 201 

Percentage 14 4 12 9 18 9 22 4 13 4 8 5 9 5 100 0 

wife fell ill with jaundice 32 days later There were 33 secondary cases in 
these pairs and groups Nine of them fell ill within 20 days of the onset 
in a previous case, and 24 between 21 and 41 days after it The 20 to 40 
day interval was therefore common enough m units in Sicily and soon after 
their return to Great Britain to suggest that case to case mfection with the 
usual incubation period had occurred 

Another line of approach was to consider cases in companies and batteries 
where contact between individuals was likely to have occurred Two hundred 
and one men were found to have fallen ill m a company or battery within 
70 days of the initial case Roughly 40 per cent of these oases occurred 
between 20 and 39 days after the initial case as compared with 27 and 
22 per cent m the preceding and succeeding 20 days (Table IV) 

These findings justify the conclusion that case to case contact played 
a part m the spread of mfection Field studies made during the epidemic 
might have produced more evidence m favour of contact spread for they 
could have included ambulant icteric and non-ictenc oases and other 
jaundiced patients of whom no records were available The general opinion 
among regimental medical officers was that there had been a considerable 
number of men with jaundice who did not report sick and that there were 
a few non-ictenc cases However, it was impossible to get satisfactory 
evidence about them or about the possibility that healthy carriers had been 
involved m the spread of mfection Admittedly there are apparently 
spontaneous cases of infective hepatitis durmg epidemics and sporadic cases 
in non-epidemic periods For example, Wilson (personal communication) 
obtained no history of contact m 81 of 96 cases admitted to hospital from 
units based in Great Bntam, and found that durmg the epidemio in the 
units which returned from the Mediterranean area nine of 44 cases admitted 
within a month of return had no known contact, and 30 of 42 cases 
admitted later had no known contact However, sporadic and spontaneous 
cases are not uncommon m other infectious diseases m which the impor- 
tance of contact spread cannot be denied Contact with a previous case is 
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earlier, perhaps because the Division was quartered for a time m a monastery 
before moving into billets at the end of September The rise continued until 
the voyage homo Thereafter the incidence fell fairly rapidly with only 
a slight rise a month after the peak on board ship Several of the men who 
fell ill then gave a history of close contaot on board ship with cases in their 
own or other units The differences in the course of the epidemics m these 
formations appeared therefore to bo related to differences in the tunes at 
which there were increased opportunities of contaot spread m Sioily and 
during the voyage home 


Intervals belioeen Successive Cases 


By going over lists of cases with the unit medical officers and seeing some 
of the men who had had jaundice, it was possible to find a number of pairs 
and groups of cases m officers and men of the same platoon, office, billet, or 
mess Contact had been fairly close and frequent between the members of 
the pairs and groups 

In B Division the numbers of days between the onset of illness m six pairs 
were 22, 27, 31, 32, 36, and 37 In C Division there were three pairs m one 
battalion (K of Tablo V) with intervals of 13, 20, and 24 days Two other 
men had been exposed to two previous cases each and the intervals were 14 
and 10 days for the one and 20 and 27 days for the other In one company 
of Battahon Q there were two pairs with intervals of 29 and 30 days In 
another company four men fell ill within 10 days, whioh suggested a common 
source of infection A third company had four batches of cases at intervals 
The first case was followed by two others 31 and 34 days later There was 
an interval of 27 days before the next two cases, and five days later a third 
man fell ill, making the third batch The fourth batch consisted of two 
cases occurring 21 and 26 days after the last case of the third batch In 
Battahon S there were seven pairs and the intervals between them were 13, 


24, 24, 30, 34, 34, and 42 days 

Some men volunteered the information that they had been in closer and 
more frequent contact with men who did not develop hepatitis than with 
the ihan to or from whom their infection had apparently been transmitted 
An instance of the sort occurred m a group of officers Two of them 


developed hepatitis during the voyage home and were confined to their 
cabins where each was crowded in with three other officers None of the six 
cabin-mates fell ill, but another officer who occasionally visited the patients 
developed hepatitis a month after they did This capricious spread of 
infective hepatitis need oooasion no surprise, for other infectious diseases, 
including smallpox, provide many similar examples 

Further evidence of a 20 to 40 day interval between cases was provided 
bv instances of infection in the families of men who fell ill while on leave, 
•nothin a month of their return to Great Britain An officer developed 
influenza’ while on leave on 28 12 43 He apparently recovered, but on 
3 i 44 three days after return to his unit, anorexia was noted Dark unne 
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infections disease ■which is spread by contact and has a relatively long and 
varied incubation period 

In a few units more explosive outbreaks occurred The Anti-tank Regiment 
of Group X had a short sharp outbreak in October and November This 
regiment was never in action m Sicily and lived m bivouacs till November 
They had more contacts with other units and with civilians after September 
when they moved to the neighbourhood of Messina These contacts might 
have accounted for the October cases The Field Regiment J of B Division 
moved into billets a month before their epidemic began The explosive out- 
break in Battalion P of C Division began six weeks after their move into 
billets The more explosive outbreaks m some units therefore occurred 
a month or so after an increase in their contacts with other units and with 
the civilian population, which is the same interval as was found between 
the movements of the Divisions as a whole and the rise in their incidence of 
infective hepatitis An apparently explosive outbreak occurred m a Field 
Ambulance after return to Great Britain Nme cases were reported between 
6 and 16 January 1944 Investigation showed that 13 cases occurred 
altogether, and that the weekly incidence from the week ending 18 12 43 
was 1, 1, 1, 3, 6, 1, and 1 cases The first patient developed symptoms while 
on leave He returned to the unit on 21 12 43 and had few contacts, as 
most of the men were on leave and he was sent to hospital on the next day. 
The second case was a signaller attached to the unit The most probable 
explanation of the January oases was that they had been infected m the 
unit before going on leave or on the troop train when they went on leave 
In village outbreaks similar explosive outbursts occur and are at first sight 
suggestive of spread by some means other than contaot Investigation 
usually reveals that there have been cases of infective hepatitis in the 
village during the preceding month or months and that the probable ex- 
planation of the explosion jus a spread from previous cases in school or at some 
social gathering Spread by food, water, milk, or blood-suoking insects can be 
excluded with certainty The occasional occurrence of explosive outbreaks m 
communities where infective hepatitis has been endemic does not therefore 
necessarily imply that infection has been spread by means other than contact 


Immunity and Variations t n Incidence 
The numbers of cases in the brigades of B and C Divisions varied from 14 
to 82, and in their component battahons and field regiments from one to 49 
(Table V) In individual companies and batteries there were up to 16 cases 
Such variations m the incidence of infectious disease m groups of comparable 
size are common and cannot always be explained However, certain observa- 
tions suggested that the low incidence m some units was due to an immunity 
conferred by previous experience of an epidemic During the 1942 epidemic, 
after the battle of Alamem, the Survey Regiment of Group X had 31 cases 
of which four were m regimental headquarters, one in A Battery, and 2G m 
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demonstrable sufficiently often in infective hepatitis to justify the conclusion 
that case to case contact plays a part in the spread of infection 


Monthly Incidence in Battalions and. Regiments 
In September 1943 there were cases m bix battalions of C Division and 
only two battalions of B Division (Table Y) This early diffusion of infection 

Table V 

Cases in units by months 


1943 1044 


Qroup X 


July 

Aug 

Sept 

Oot 

No\ 

Dec 

Jan 

fob 

Total 

Anti-tank Regt 


— 

• 

2 

12 

7 


3 



24 

L A A ft 


1 

1 

3 
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6 

Fiolcl „ 
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1 

3 
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1 

2 

4 

1 

17 
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A 

— 

* 

— 

— 
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1 


1 

1» M 

B 

— 

• 

— 

— 

— 

i 
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4 

it It 

C 

— 

— 

— 

2 

3 

i 

1 

1 

8 

tt ft 
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1 

1 

— 

2 

2 

4 

3 

1 

14 

B Division 












1 Bdo Battalion A 

— 

— 

— 

— 

4 

4 

1 



9) 
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B 
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— 

2 

— 

— 



2 

114 

ft tt 

C 

— 

— 

— 

— 

— 

— 

3 

— 

3l 

2 Bdo Battalion D 

— 



— 

5 

2 

3 

2 

__ 

12 

1 


E 

— 

■ 

— 

— 

1 

1 

— 

— 

2 

123 

tt tt 
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— 

1 

3 

2 

1 

2 

— 

— 

9 

J 

3 Bde Battalion G 

— 

— 

— 

— 

6 

2 





7 
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7 

7 

7 

2 

10 

6 

1 

— 

19 

63 

tt ** 

I 

— 

— 

2 

4 

4 

11 

6 

— 

27 


Field Regt 

J 

— 

1 

— 

7 

10 

8 

— 

— 

32 


C Division 












1 Bdo Battalion K 

— 

— 

4 

8 

— 

2 

1 

— 

!5] 



L 

— 

2 

1 

— 

2 

— 

1 

— 

0 

-26 

tt tr 

M 

— 

— 

— 

1 

2 

1 

— 

1 
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2 Bdo Battalion N 

? 

1 

7 

7 

7 

3 

1 

— 

4j 



O 

— 

2 

2 

5 

10 

5 

2 

1 

27 

62 

tt 

P 

— 

— 

— ■ 

— 

14 

6 

— 

2 

21 J 


3 Bdo Battalion Q 

1 

4 

3 

10 

17 

7 

0 

1 

49) 



R 
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2 

8 

6 

— 

— 

16 

82 

tt ** 
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— 

— 

1 

6 

1 

3 

6 

— 

17) 


Field Regt 

T 
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■ 

— 

— 

1 

1 

— 

— 

2 



TT 
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■ 

2 

4 

4 

3 

1 

— 

14 


It ft 

V 
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1 

4 

3 

0 

1 

— 

16 



throughout C Division was perhaps related to its concentration around 
a monastery at a tune when the units of B Division were still scattered 
Most battalions and regiments had a few oases every month for several 
months The same type of moidence was found m 20 units of the Royal 
Air Force m North Africa m 1043 This straggling type of epidemic is 
found m many outbreaks of infective hepatitis and is typical of a mildly 
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many units the replacement rate had been high so that many men m the 
units m 1943-4 had not m fact been exposed to the 1942 epidemic 
Returns from 10 units showed (Table VI) that many cases had occurred in 

Table VI 


Gases m aid and new troops 


Unit 

C Division 
Old troops 

New troops 

Total 

Battalion K 

10 

4 

14 

„ Q 

18 

24 

42 

„ R 

10 

6 

16 

„ S 

6 

11 

16 

Field Regt U 

8 

6 

14 

V 

l» ft v 

11 

5 

16 

L A A Regt 

12 

10 

22 

M G Regt 

9 

11 

20 

Anti-tank Regt 

2 

4 

6 

R A S C Bde Coy 

4 

— 

4 

Total 

89 

81 

170 


‘Old troops’ had been with their unit during the epidemic of 1942 
'New troops’ joined the units between May and September 1943 


Table VII 


Infective hepatitis attack rates per 1,000 
C Division 


Old troops 


New troops Whole unit 


Battalion Q 

49 3 

84 2 

„ R 

26 2 

22 2 

„ s 

30 0 

23 0 

Field Regt V 

18 3 

60 0 

Four Regts 

292 

408 


64 7 
24 6 
24 6 
22 8 

339 


men who had been exposed to the 1942 epidemic It was therefore necessary 
to calculate attack rates on men who had and had not been so exposed The 
number of replacements m four units between May and September 1943 was 
taken as the number of ‘new troops’, because these men came from North 
Africa or Great Britain and had not been exposed to the 1942 epidemic 
Subtraction of the number of ‘ new troops ’ from the average strength of the 
unit gave the number of ‘old troops’ who had been exposed to the 1942 
epidemic Attack rates were then calculated separately for old and new 
troops using the numbers of cases from Table VI The rates (Table VII) are 
only approximate, but they do not show a consistently lower rate in old 
troops In two units the rate was lower m old troops, but not eignificantly 
so, in one unit the rates were almost equal, and in the fourth the rate m old 
troops was higher It was also noted (Table VHI) that there was no corre- 
spondence between the percentage of new troops and the attack rate of 
hepatitis m the four units, such as was to be expected if the old troops had 
been an immunized population and so reduced the threshold density of 
susceptibles 
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B Batter} 7 Regimental headquarters and A Batterv had previously had 
a sones of cases of hepatitis Their low incidence of hepatitis in 1942 was 
not due to lack of exposure, for they were in contact in the northern part of 
the Alamem line with Australian troops during the October peak of their 
epidemic On the other hand B Battery had previously been in Iraq and 
Syria and had had no epidemic of hepatitis before joining the Regiment in 
July 1942 The Survey Regiment had only nine cases in 1943-4, which 
were evenly distributed among the Batteries Apart from the arrival of 
B Battery in 1942 the composition of the unit had changed little since 1941 
In B Division m 1943-4 there was a lower incidence m 1 and 2 Brigades 
(14 and 23 cases) than in 3 Brigade (63 cases) Brigades 1 and 2 had both 
experienced tho 1942 epidemic in the Middle East, whereas 3 Brigade was 
stationed in Iraq during that winter and had no epidemio The Field 
Regiment J had the highest number of cases in the Division and they had 
spent the 1942-3 winter in Malta and had had no epidemic No data were 
obtained about replacements of casualties in the Division, but it appeared 
that during the 1943 epidemic the majority of men in 1 and 2 Brigades were 
men who had experienced the 1942 epidemic, while the men of 3 Brigade and 
the Field Regiment had not 

Civilian epidemics provide similar evidence Pickles (1939) mentioned the 
long intervals between epidemics of infective hepatitis m Wensleydale, and 
Lisney (1944) noted that villages m Leicestershire which had had epidemics 
before 1942-3 were not affected by the widespread epidemic that winter 
Both authors found that second attacks were rare , Pickles had none in 
about 1,000 cases and Lisney had four m 1,016 cases These observations 
suggest that immunity is conferred by an attaok of the disease, and probably 
by non-icteno attacks or subchnical infection The same conclusion can be 
drawn from the lower incidence of the disease in adults than in school 


children Second attacks appear to have been more common in troops m 
the Mediterranean area Among 77 patients with hepatitis admitted to 
hospital m Great Britain m 1943-4 soon after their return from the Medi- 
terranean area, there were three who had had jaundice five or more years 


earlier, and five who had had jaundice m the Middle East in the preceding 
three years Among 82 patients who had never left Great Britain there was 
only one who had had jaundice before, and his first attack was eight months 
before his second, so that the possibility of a relapse has to be considered 


The number of second attacks suggests that in the Mediterranean area 
immunity was broken down by larger doses of infeotion, or non-specific 
factors, or perhaps an immunologically distinct strain of virus 

It was possible to investigate the effect of exposure to a previous epidemic 
more closely in C Division The three Brigades of the Division had all 
experienced the 1942 epidemic, but they had 26, 62, and 82 cases m 1943-4, 
as compared with 14 and 23 cases m 1 and 2 Brigades of B Division It 
nnneared that C Division had been less effectively immunized by the 1942 
epidemic than 1 and 2 Brigades of B Division, but it was known that in 
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Higher Attack Bate tn Officers than m Other Banks 

More striking than the variation of incidence m Emts was the difference 
in incidence in officers and other ranks Spooner (1944) reported that m the 
1942 epidemic in the Middle East the incidence in officers was 4 7 times 


Table X 

Ratio of attack rates in officers and other ranks 

Ratio of attack rates 


Unit 

Place 

Year' 

Officers 

Other ranks 

Y Division 

England 

1942-3 

42 1 

1 

B Division 

Mediterranean and U K 

1943-4 

65 

1 

C Division 

»> J» 

1) 

04 

1 

8th Army 

Mediterranean 

1942 

47 

1 

C Division 

Mediterranean 

1942 

4 1 

1 

Group X 

Mediterranean and U K 

1943-4 

37 

1 

Canadian Army 

f Mediterranean 
(England 

Sept 1943 
Nov 1943 

29 

2 5 

1 

-1 

Royal Air Force 

N Ainca 

Oct 1943 

1 6 

1 

Static troops 

England 

1943 

1-4 

1 

Canadian Army 

Mediterranean 

Nov 1943 

1 3 

1 


that in other ranks In Group X and B and C Divisions the moidence in 
officers was higher than m other ranks throughout the epidemic and the 
difference decreased as the epidemic progressed (Table IX) The incidence 
m officers was markedly higher than m other ranks m an epidemic m 
Y Armoured Division m England where 44 officers and 31 other ranks were 
affected between September 1942 andMay 1943 Figures for relative incidence 
m officers and other ranks gathered from many sources are summarized m 
Table X The difference was small in the Royal Air Force m North Africa 
and m British and Canadian troops m England It has been stated that m 
New Zealand troops m 1942 and m American troops m 1943, both m the 
Mediterranean area, the attack rate in officers was only slightly or not at all 
higher than in other ranks The higher rate m officers has been found only 
m epidemics and is not always present even then, and it has been found m 
England as well as m the Mediterranean area In the Royal Air Force 
m North Africa in October 1943 the attack rate in air-crews was 3 7 times 
that in ground staff and similar differences were found m other months 
Possible explanations of these differences will be discussed later 


Higher Incidence m Troops m the Mediterranean Area 
Monthly attack rates per 1,000 average strength were calculated for A, B, 
and C Divisions in 1943—4 (Table XI), the highest rates were respectively 
2 5, 3 5, and 4 7 In 1942 and 1943 various bodies of troops m the Middle 
East had higher maxima ranging from 9 0 to 35 2 per 1,000, but m 1941 the 
maximum was 1 9 per 1,000 In static troops in England in 1943-4 there 
was a steady rate of 0 2 to 0 5 per 1,000 The difference between attack 
rates m the Mediterranean area and Great Britain is dearly shown by the 
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There was therefore little evidence to show that men in C Division had 
been immunized by exposure to a previous epidemic, apart from the faot 
that the incidence m the Division was lower m 1943-4 than it had been m 


Table VID 

Percentage of new troops and attack rate 

Per cent now troops Attack rates per 1,000 


Battalion S 

73 8 

24 0 

„ Q 

43 8 

64 7 

„ R 

41 2 

24 0 

Field Rogt V 

14 3 

22 8 


1942, and lower than in the Central Mediterranean Forces and Canadian 
Troops in the Mediterranean area m 1943-4 (Table XI) It appears that 
any immunity conferred by previous exposure may be broken down by 
intensive dosage or other factors, and this idea was borne out by the 
observation that a number of men who had been exposed in the 1942 and 
1943-4 epidemics and escaped the disease finally sucoumbed in England 
early m 1944 The part played in the reduction of incidence by previous 
exposure could bo determined only by careful collection of data from suit- 
able units and by an assessment at the same time of the possible effects of 
acclimatization and improved hygiene 


Table IX 


Cases t n officers and other ranks and ratios of attack rates 

1943 1944 










\ 

Total 

Group X 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Jan 

Feb 

Officers 

1 

1 

6 

5 

3 

3 

2 

— 

21 

Other ranlcs 

1 

3 

10 

25 

25 

16 

20 

3 

103 

Ratio 

— 

— 

11 4 

3 8 

23 

3 6 

1 9 

— 

37 

B Division 










Officers 

— 

1 

1 

7 

16 

7 

4 

— 

30 

Otlior ranks 

— 

3 

8 

10 

44 

41 

8 

8 

128 

Ratio 

— 

— 

— 

10 0 

83 

3 8 

— 

— 

66 

O Division 










Officers 

— 

3 

4 

13 

21 

12 

4 

1 

68 

Other ranks 

1 

6 

12 

37 

60 

55 

34 

0 

210 

Ratio 

— 

— 

7 7 

8 2 

7 9 

6 0 

2 7 

— 

64 



1942 



1943 




Y Division 

Sept 

Oct 

Nov 

Dec Jan Feb# Mar 

Apr 

May 

Total 

Officers 



— 

— 

3 

16 9 

3 

10 

3 

44 

Other ranks 

2 

6 

1 

4 

7 — 

3 

6 

4 

31 

Ratio 

— 

— 

— 

11 9 

62 0 — 

20 2 

60 6 

99 

42 1 


The figures given for the ratio of attack rates are the number of times the rate m 
officers was higher than that in other ranks They were calculated on a ratio of officers 
te XJ^ on the strength m Group X of 1 to 19, and in B and 0 Div^ons of 


1 The 3 ratios for Y Division were calculated from actual moidence per 1,009 on mean 
montlily strengths 
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The infective agent The higher incidence might have been due to a more 
‘pathogenic’ strain of virus, in the sense that infection with it produced 
more overt cases Alternatively, the strain might have been more ‘in- 
fectious’ so that infection was more widely spread and cases were then 
produced by environmental factors Jaundice of unknown aetiology ib 
endemic m the more densely populated parts of the Mediterranean littoral 
and mild cases m native children are thought to he the source of infection 
for adult newcomers such as troops in 1917-18 and 1942-3 and also (Kligler, 
Btesh, and Koch, 1944, Btesh, 1944) Jewish immigrants from Central 
Europe Some evidence is now available to suggest that the * Mediterranean 
virus’ is not more pathogenic or infectious than other strains Clinical and 
laboratory investigations of men who fell ill soon after their return to Great 
Britain showed that the disease was no more severe in them than in men 
who contracted it in Great Britain In the autumn of 1943 it was noted 
that infection did not spread on aerodromes in Great Bntain from men who 
developed hepatitis soon after returning from the Mediterranean area to 
men in close contact who had not been abroad There was no outbreak m 
1944 among many reinforcements drafted to the units which had returned 
from the Mediterranean, although cases continued to occur among men who 
had returned Scrutiny of civilian cases of infective hepatitis notified to 
Medical Officers of Health in the first four months of 1944 showed that there 
were no fresh outbreaks in villages or towns where units had been stationed 
during their epidemics m December In addition to the three cases of 
familial infection already mentioned there were 16 men who developed the 
disease while on leave and did not infect their families Thus three of 
19 families (16 per cent ) had more than one case This is remarkably 
similar to the 17 6 per cent of families with more than one case noted by 
Ford (1943) during a civilian epidemic in Wembley and suggests a similar 
pathogemcity and infectivity of the viruses 

Variations m pathogemcity and mf activity of the virus would not explain 
the higher attack rate in officers and air-crews, and it is improbable that 
they were responsible for the higher attack rate in the Mediterranean area 
The presence of endemic foci of disease there may have contributed to the 
origin and scale of the epidemics, particularly if the strain concerned were 
immunologically different from those in other parts of the world It is, 
however, worth while considering that the occurrence of as many cases of 
infective hepatitis among troops m the Mediterranean area as ocourred 
sporadically among troops in Great Britain m 1943-4 would have provided 
abundant sources of infection 

It is desirable to draw attention to the observation that infective hepatitis 
may he epidemic m one group of people and yet may not spread to another 
group in close contact with them Spooner’s (1944) observations on prisoners 
of war m the Middle East have been mentioned and the observations made 
m England on aerodromes in 1943 and in East Angha in 1944 are additional 
instances In the last epidemic infection was transmitted to some family 
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figures for Canadian Forces in the two theatres Y Division during its 
epidomic m England had rates of 1 3 and 1 2 per 1,000 in January and 
April 1943 Attack rates during a civilian epidemic are included for com- 
parison The highest incidence among the 3,800 inhabitants of an East 

Table XI 


Monthly attach rates per 1,000 


Placo and troops 

Year 

Juno 

July 

Aug 

42 

P. 

o 

M 

Oot 

> 

o 

fc 

1 1 

Feb 

Mediterranean and Great Britain 








A Division 


f — 

00 

00 

09 

26 

09 

0 6 04 

06 

B Division • 

1043-4 


00 

02 

06 

1 4 

35 

30 08 

03 

C Division. 


1- 

01 

04 

08 

29 

4 7 

40 23 

0-4 

Mediterranean 

Middlo East Forces 

/1941-2 


03 

09 

1 2 

1 5 

1 9 

10 10 

05 

(U K and Dominion 

l 






troops) 

(1942 

— 

01 

05 

0G 

4 1 

5 4 

90 - 


New Zealand Forcos 

1942 









35 2 






8th Army 

1042 

— 

— 








15 0 — 



C Da ision 

North Africa and Central 

1942-3 

— 

— 

— 

— 

1 1 

4 7 

23 0 6 S 


Mediterranean Force 

1943 

02 

I 0 

1 6 

24 

8 9 

03 

8 9 — 



RAF m North Africa 

1943 

— 

08 

2 2 

5 7 

12 8 

10 0 

115 41 



Canadian Forces 

1043 

— 

— 

08 

85 

10 9 

14 4 

11 0 — 

— 

Great Britain 










Canadian Forces 

Eastern Command — 

1043-4 

— 

04 

04 

05 

05 

04 

02 02 

— 

Distriot A 

1943-4 

04 

02 

03 

06 

03 

03 

04 03 

— 

District B— (static troops) 1943-4 

02 

02 

02 

02 

03 

02 

03 06 

— 

Civilian epidemic 

Town — all cases 

1943-4 

0 8 

2 9 

06 

40 

6 1 

63 

16 16 

1 3 

„ — school children 

1943-4 

8 7 

21 0 

12 4 

32 2 

54 5 

40 9 

11 2 3 7 

62 



Sept 

Oot 

Nov 

§ 

fi 

Jon 

■§ 

f=< 

Mar 

Apr 

May 

Y Division 

1042-3 

02 

02 

01 

06 

1 3 

06 

05 12 

04 


Suffolk town was 6 1 per 1,000, and m the children of sohool age 54 5 per 
1,000 The low incidence m troops m England was the result of apparently 
sporadic cases and very occasional small epidemics in units The higher 
incidence in the Mediterranean area was due to epidemics in many units, 
though sporadic cases also occurred Cullman (1943) found an intermediate 
picture m troops m Syria, mainly sporadic cases, but a fair number of 
epidemics 

Factors Responsible for a High Incidence 
In discussing some of the factors which may have been responsible for the 
higher incidence m the Mediterranean area than in England, in officers than 
m other ranks, and m air-crews than m ground staff, it will be convenient to 
consider firstly the infeotive agent, secondly factors affecting susceptibility, 
and thirdly factors affecting the spread of the infeotive agent 
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be affected and no age is exempt Selander (1939) has given age specific 
attack rates for Gotland m 1929-32 In males aged 10 to 14 years the rate 
was 65 1 per 1,000, and in the seven five-year age groups from 15 to 49 the 
rates per 1,000 were 25 8, 35 9, 17 6, 27 4, 13 9, 15 8, and 7 9. The rate in 
the 20 to 24 age group was 35 9 per 1,000 which was higher than in older 
men, but not sufficiently so to account for the differences between air-crews 
and ground staff or officers and other ranks Table XII gives the age distri- 
bution of cases of infective hepatitis m the troops who returned from the 
Mediterranean and in home-based troops The differences are due at least 
m part to differences in the age distribution of the troops from which the 
cases came, but they do not suggest that the latter differences would explain 
the differences in attack rates 

Physical strain Cameron (1943) suggested that an attack of infective 
hepatitis was frequently precipitated by physical strain This factor might 
have played a part in producing the epidemic among New Zealand troops 
m October 1942, because the epidemic followed their hard fighting during 
the retreat to Alamem In the units studied in the present paper the 
epidemic occurred several months after fighting m Sicily had ceased, and 
only 3 Brigade of Division B showed a possible effect of physical strain in 
that they fought in Italy during September and had a higher incidence 
than 1 and 2 Brigades of the same Division which did not leave Sicily In 
Y Division the April peak followed a month after a strenuous exercise, but 
no such explanation could be found for the January peak In C Division in 
1942 the incidence was higher among officers with office jobs than among 
those exposed to physical strain In 1943 in Group X the highest incidence 
was m the Anti-tank Regiment which was never in action, and the incidence 
was as high in base troops m North Africa as in troops m Sicily and Italy 
Physical strain was therefore not a precipitating factor in many of the 
outbreaks studied Data from other epidemics might show that it had some 
effect 

Diet Some officers stated that they lost weight during the advance after 
the Alamem break-through owing to loss of appetite and a monotonous diet 
This experience was not universal, and published accounts of the Middle 
East Force ration scale (Gear, 1944) do not suggest that deficient diet can 
have been an important factor Water supplies were sometimes low and 
disturbances of water balance may have affected susceptibility In Sicily 
‘compo’ rations were used during fighting, and field rations later Fruit 
and vitamin preparations were available during the Middle East and Sicilian 
campaigns It does not appear that dietary deficiency was a cause of the 
high incidence of hepatitis _ 

Alcohol Alcohol may precipitate a relapse of hepatitis during con- 
valescence, but the general impression among medical officers was that 
differences m alcohol consumption did not account for the higher attack 
rates in tho Mediterranean area in officers and air-crews Teetotallers were 
affected and the proportion of 'more than average’ and ‘moderate’ drinkers 

IQ Jar Xew Strict l,o 55) r. 
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contacts, so that the explanation of the absence of secondary epidemics most 
probably lies m some characteristics of the exposed group as a whole or of 
the individuals composing it Speculation about these differences would bo 
idle, but the phenomenon appears to be established, and m consequence it is 
necessary to exercise caution m accepting the absence of secondary epidemics 
in groups of persons exposed to cases of homologous Berum hepatitis as an 
argument in favour of the view that homologous serum hepatitis and infective 
liopatitis are due to different agents 


Factors Increasing Susceptibility 

Many officers and men who had been in the Mediterranean area suggested 
that one factor or another had been responsible for the epidemics of jaundice 
An attempt was made to collect evidence about some of these factors 

Climate A hot climate is said to predispose to disorders of the liver, but 
abuse of alcohol, dietary indiscretions, and intestinal diseases are cited as 
additional causative factors The epidemics m the Mediterranean area have 
been seasonal, beginning in September or October and reaching a peak in 
November and December (Table XI) or January (Willcox, 1919) Thus they 
begin after the hottest month and have their peak m the cold season 
A direot effect of hot climate can be excluded Increasing cold at night 
coincides with the nse of epidemics of hepatitis and this factor has been 
credited with a greater effect upon officers who change into pyjamas than 
upon other ranks who do not Chill during flying has been advanced as an 
explanation of the higher mcidence m air-crews The diurnal variations in 
the WeBtem Desert are greater in the interior than on the coast, and in 
Sicily greater in the mountains than on the plains, but no data were avadable 
to show whether these differences affected the incidence of hepatitis In the 
case of air-crews the effect of ohill during flying would be a direct one, but 
in the Army the effect of cold nights might be exerted by an increase in 
contact spread owing to greater crowding m confined spaces 

Age It has been suggested that the younger age of air-crews than ground 
staff might account for their greater incidence of hepatitis In civilians the 
maximum incidence is m school children, though many young adults may 

Table XII 


Percentage of cases m age groups 



Troops from 

Troops m 

Age group 

Mediterranean 

Eastern Command 

18 to 19 

— 

16 9 

20 to 24 

37 5 

32 1 

25 to 29 

36 3 

22 8 

30 to 35 

16 1 

13 9 

36 to 39 

58 

12 0 

40 and over 

23 

3 3 


100 0 

100-0 

Number of oases 

173 

308 
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nothing in the incidence of these complaints which suggested that in 
C Division any of them had precipitated the outbreak of hepatitis Relation- 
ships between infective hepatitis and other diseases have been postulated 
usually m the presence of concurrent epidemics, and the most likely ex- 
planation seems to be that the conditions which favoured the spread of the 
other infection also favoured the spread of infective hepatitis 

The Method of Spread of Infection 

It is convenient to pass from the discussion of the possibility that malaria 
may be a precipitating factor to a consideration of the suggestion that 
infective hepatitis is spread by blood-sucking insects Voegt (1942), Cameron 
(1943), and MacCallum and Bradley (1944) have shown by human trans- 
mission that the blood of infeotive hepatitis patients may be loterogemc, 
and it is now recognized that homologous serum hepatitis may follow about 
three months after transfusion or inoculation with human serum or plasma 
(Memorandum, 1943) Further, doses of 0 1 o c of serum have been lctero- 
gemo (Bradley, Loutit, and Maunsell, 1944) It is therefore a possibility 
that blood-sucking insects might transmit infection, leaving aside for the 
present the unsettled question of the identity or difference of homologous 
serum hepatitis and infective hepatitis 

In C Division there was an interval of about three months between the 
August peak of malaria and the November peak of infective hepatitis Also 

Table XIII 

Incidence of malaria ( August ) and infective hepatitis (July to January) 

m nine Battalions 

Malana incidence in unit Number of hepatitis cases Average 

High 16, 17, 49 27 

Medium 6, 10, 21 14 

Low 4, 6, 27 12 3 

there was m the nine battalions some correlation between the incidence of 
malaria m August and the subsequent incidence of hepatitis (Table XHI) 
However, there have been many epidemics of hepatitis, including the 1942 
epidemic after the battle of Alamein, m whioh blood-sucking insects could 
not have been concerned The epidemiological pattern of the outbreak in 
Sicily waB very similar to that m epidemics m which spread was by contact 
and there was at least some evidence that contact spread played a part m 
Sicily The evidence does not therefore justify the conclusion that insect 
transmission was concerned, and serious consideration of the idea can be 
postponed until more convincing evidence is obtained 

Spread by eating utensils has been suggested because the higher incidence 
m officers might bo explained by their use of communal dishes which arc 
washed together, whereas other ranks have their own utensils and wash 
them themselves Some data have been put forward to support the idea 
(Witts, 1944), but the verdict here again is still ‘not proven’ 
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among cases was much the same as among those who did not derelop the 
disease 

Other diseases In 1917-18 the curve of infeotive hepatitis moidence 
followed a month after the dysentery curve, which suggested some connexion 


C/\ SES 
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BROI^CHITlS 




Fia 2 Weekly moidence of certain complaints m C Division 


between the two conditions In 1943 there was a three months’ interval 
between the two curves so that the connexion did not appear to be so close 
Several other diseases have been suggested as assooiates of infeotive hepatitis, 
and an opportunity to examine this possibility was afforded by the AD MS 
of C Division who provided a graph of the incidence of certain oomplaints 
during the Sicilian campaign (Fig 2) In September and October, before 
and during the rise in incidence of infective hepatitis, skin sores and upper 
respiratory mfeotions decreased, diarrhoea and dysentery increased slightly, 
and venereal disease increased markedly There was a large rise in malaria 
in late August, but this rise and a seoond rise in the spnng of 1044 were not 
accompanied by a rise m the moidence of infective hepatitis There was 
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2 The epidemiological pattern of the outbreaks was very similar to that 
of civilian epidemics Numerous instances of 20 to 40 day intervals between 
the onset of illness m contacts were found in the units just as they are m 
families during civilian epidemics The conclusion is drawn that these were 
instances of contact spread from case to case with a 20 to 40 day incubation 
period 

3 The lower mcidence in some units might have been due in part to an 
immunity conferred by previous exposure to an epidemic 

4 In these and other epidemics the attack rate in officers was higher than 
in other ranks, and the attack rate m troops m the Mediterranean area was 
higher than in troops in Great Britain 

6 The presence of endemic foci of infective hepatitis m Mediterranean 
countries may be in part responsible for the high incidence in troops there 
Some evidence is presented that the ' Mediterranean strain ’ of the infective 
agent is pot more pathogenic or infective than other strains Several in- 
stances are recorded of the failure of infective hepatitis to spread from one 
group in which it was epidemio to other groups with which the affected 
group was in close contact 

6 Chill, age, physical stram, diet, alcohol, and other infeotious diseases 
did not play a major part m the causation of the epidemics, but their 
possible importance in other epidemics cannot be excluded 

7 Increased opportunities for the spread of infection either by droplets 
or from faeces are associated with many epidemics, and it is probable that 
they explain at least m part the higher incidence m the Mediterranean area 
and in officers 

This paper was prepared as a report to the Medical Research Council 

I wish to thank Major-General L T Poole for supplying me with data 
regarding jaundice m the Army and giving permission for publication, 
Air-Marshal Sir Harold Whittmgham for supplying me with data regarding 
jaundice m the Royal Air Force and giving permission for publication. 
Colonel M H Brown, RCA M.C , for supplying me with data, and the 
Director of Medioal Services, Canadian Army Overseas, for permission to 
publish them I am also grateful to many others who have helped me hy 
obtaining data or discussing their experiences, particularly the Admini- 
strative Medical Services and Medical Officers of the units concerned 
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The orthodox belief that infective hepatitis is spread by droplets from the 
respiratory tract is supported hy the autumn-winter incidence of the diseaso 
in Sweden (Selander, 1939), Great Britain (Cullman, 1939), and the Medi- 
terranean area (Cameron, 1943 , Culhnan, 1943 , Kligler, Btesh, and Kooh, 
1944, Willcox, 1919 , Table XI), and also by the apparent trans miss ion of 
the disease by casual contact (Newman, 1942) Additional evidence in 
favour of this mode of spread is the association of a high incidence of 
infective hepatitis with concurrent epidemics of upper respiratory infection 
(for example, the colds m the troopships of B Division , measles, MoFarlan, 
1941 , stomatitis, Cookson, 1944) Findlay and Martin (1943) reported the 
transmission of what they behoved to be homologous serum hepatitis by 
nasopharyngeal washings, but MacCallum and Bradley (1944) had only 
doubtful success with similar material from infective hepatitis cases The 
latter authors transmitted infective hepatitis with an ether-treated suspen- 
sion of faeces sprayed into the nose and pharynx The association of jaundice 
m the Mediterranean epidemic of 1917— 18 with enteric fevers and dysentery 
has already been mentioned, and there have recently been more reports of 
the association of intestinal infections with infective hepatitis (dysentery, 
Thomo and Estabrook, 1941 , diarrhoea and vomiting, Sudds, 1944) The 
‘indescribable filth’ and ‘plague of flies’ in the Alamein line and the con- 
stant inspiration and ingestion of the all pervading dust were features of 
the life of troops in 1942 which suggested that faeces, flies, and dust might 
have played a part in the spread of infection Lack of water and of washing 
facilities also increased the risk of spread by fingers contaminated by drop- 
lets or faeces 

The available evidence suggests that contact is the mode of spread of 
infective hepatitis There is no reason why droplets and faeces should not 
both be infectious, and their relative importance in the spread of infection 
may vary with different living conditions The higher incidence in the 
Mediterranean area and in officers may be to a great extent the result of 
increased opportunities of contact spread Other factors are doubtless con- 
cerned, for epidemics of infective hepatitis, as of other infectious diseases, 
may result from different combinations of various factors Epidemiological 
investigation during an epidemic is the only means of discovering the im- 
portant factors m a particular epidemic and so suggesting rational methods 
of control 

The results of investigations reported m the present paper demonstrate 
the difficulties of obtaining answers to the questions posed by Witts (1944) 
They are published m the hope of stimulating others to obtain better data 
which may give more conclusive answers 

Summary 

, j Epidemics of infeotive hepatitis began m some units of the British 
Army m the autumn of 1943 while they were in Sicily and continued after 
their return to Great Britain later in the year or early m 1944 
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SPINAL OSTEOPOROSIS OF UNKNOWN ORIGIN 1 

By H JACKSON BURROWS aht> GEORGE GRAHAM 
(Erom St Bartholomew’s Hospital) 

With Plates 7 to 9 

A pATwrrr. condition of the spme of old people was desonbed m 1863 by 
Charcot and Vulpian (1890) under the title ‘Sur l’osteomalaoie senile ’ This 
condition was probably what is now called hunger osteomalacia, which was 
seen m almost epidemic form in Vienna after the war of 1914-18 (Cramer 
and Schiff, 1920 , Dalyell and Chick, 1921 , Hume and Nirenstem, 1921). 
Another condition which causes great pam in the back without any general 
symptoms has been called spinal osteomalacia, and more recently spinal 
osteoporosis, either senile or presenile This has been confused with hunger 
osteomalacia, and it is not always possible to distinguish in the published 
descriptions which disease was meant Since the beginning of 1938, five 
series of cases have been desonbed (Lance, Girard, and Lance, 1938 , Ravault, 
Graber-Duveraay, and L6ger, 1939 , Meulengraoht, 1939 , Black, Ghormley, 
and Camp, 1941) The morbid anatomy and the mechanism of production 
of the spinal deformity were worked out by Sohmorl (Beadle, 1931 ,' 
Schmorl, 1932) In this country the condition has not been descnbed apart 
from the communication of Moms at the meeting of the Association of 
Physicians m 1943 (Moms, 1943) The chmcal condition of 20 patients and 
the necropsy findings in two are recorded m the present paper The dietary 
difficulties during the present war give the subject special interest, as no less 
than 17 of the patients were seen between September 1939 and 1943 


Chmcal Features 

Age and sex The ages m four senes of cases (Lance, Girard, and Lance, 
1938 , Ravault, Graber-Duvernay and Leger, 1939, Meulengraoht, 1939, 
Burrows and Graham, 1945), amounting to 63 in all, are set out m Table I, 
which gives also the ages at the time of onset of symptoms in our own coses 
Fig 1 gives the number of cases m each decennium (A) and quinquennium 
(B) The decennial chart (A) shows a peak of mcidence at the 60 to 70 decade, 
winch is shown by the quinquennial chart (B) to be due to the high number 
of patients between 00 and 05 years of age The relatively high incidence 
between 66 and 80 years is mainly due to femalo patients, the main inci- 
dence m men is between 40 and 70 years We do not know tho reason for 

1 Received Fobruory 10, 1045 
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displaying rarefied bone were consequently accentuated The fussy, over- 
anxious type of patient was frequent 

Symptoms There may be no symptoms referable to the spinal condition, 
which may be found by ohance in the investigation of a case of gastro- 

Table I 

The ages of the patients m four senes of cases, comprising 53 m all and 
including those forming the basis of the present paper In this instance 
the ages and the times of onset are also given 
Authors 

Ravault, 

Lance, Graber- 

Girard, and Duvernay, and Meulengraoht Burrows and Graham 
Lance (1038) L4ger (1939) (1939) (1946) 

Number of cases 


6 

8 

19 

^ 

20 

~ v 

Patients* 

Patients’ 

Patients’ 

Patients’ 

Ages in years 

ages in 

ages m 

ages in 

ages in 

at onset of 

years 

years 

yeara 

years 

symptoms 

56 

41 

41 

32 

32 

57 

53 

42 

38 

26 

59 

63 

47 

44 

44 

60 

72 

49 

44 

39 

60 

72 

67 

49 

46 

62 

76 

69 

60 

60 

— 

77 

69 

63 

60 

— 

83 

62 

66 

66 

— 

— 

62 

68 

66 

— 

— 

63 

69 

69 

— 

— 

64 

61 

61 

— 

— 

64 

01 

61 

— 

— . 

64 

63 

61 

— 

— 

69 

64 

64 

— 

— 

71 

67 

27 

— 

— 

71 

67 

61 

— 

— 

72 

67 

63 

— 

— 

77 

68 

68 

— 

— 

78 

69 

64 

— 

— 

— 

72 

72 

Mean 59 

67 1 

61 6 

67 1 

62 9 

Median 59 5 

72 

03 

60 

67 6 


Mean age of 63 patients in combined senes — 60 5 years 
Median „ „ „ - 62 


intestinal disturbance The local symptoms, if present, may be aoute or 
chronic Sometimes acute symptoms supervene on chronio Acute symptoms 
occurred m 11 of our patients, in eight as the first complaint, sometimes 
there was more than one attack The patient, while performing some trivial 
movement, was seized with agonizing, sometimes nauseating, pam in the 
lumbar or lower dorsal region , she might not only cry out but continue to 
do so One of our patients heard something crack m her back Another felt 
an inaudible ‘snap, like an elastic band breaking’ m the lumbo-dorsal region 
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the different age incidence in men and women It is curious that the female 
cases are so few beforo the menopause, when menstruation, pregnancy, and 
lactation are taking their tribute of caloium, but m any event frank cases 
of puerperal osteomalacia would be exoluded from the figures The onset of 



Fro 1 Diagram to show the number of patients, taken 
from the same 63, m each decenmum (A) and quinquen- 
nium (B) Male patients are represented by cross hatching 

symptoms m one of our cases was precipitated by pregnanoy Of the 63 
patients, 16 (34 5 per cent ) were men and 37 (65 5 per cent ) women Among 
20S patients aged 46 to 87 years (average 62 years) diagnosed at the Mayo 
Clime as suffering from senile osteoporosis of the spine, Blaok, Ghormley, and 
Camp (1941) found 41 men and 167 women Albright, Smith, and Richardson 
(1941) found only two men among 42 patients aged less than 65 years, 
suffering from non-localized osteoporosis A glance at Table I and Fig 1 
shows how misleading are the names senile or presemle osteoporosis 

Constitution and temperament Most of our patients have been unusually 
spare , two women were abnormally fat, and the radiographio difficulties of 



SPINAL OSTEOPOROSIS OF UNKNOWN ORIGIN 


1S1 


abdominal farrow These may all be present Tenderness of the spmous 
processes on palpation or perons3ion has been described (Ravault, Graber- 
Duvemay, and L6ger, 1939) 


Radiological Changes 

Osteoporosis Osteoporosis of the lumbar and lower thoracic vertebrae may 
be extreme, and Menlengracht (1939) has pointed out that the consequent 
difficulty in securing good radiographs is characteristic of the condition If 
the bony texture is apparent it seems coarser than the normal, but more 
often it is not discernible, and the vertebral bodies are said to have the 
appearance of ground glass Sometimes, only their outline can be made out 
The cervioal spme may be quite unaffected or show slight porosis The 
pelvis often shows some porosis, but shows no appreciable deformity The 
nbs, clavicles, sternum, and scapulae may sometimes be involved A control 
radiograph of the hand often provides evidence of generalized osteoporosis, 
but this is much less pronounced than the condition of the lumbar and 
dorsal vertebrae would suggest, and is frequently not demonstrable at all, 
since the osteoporosis is not uniform throughout the body Its distribution 
is extremely interesting It seems possible that the lower vertebrae, with 
their large masses of woll-vascularized cancellous bone, have a special function 
as a reservoir in the maintenance of the blood-calcium at an almost constant 
level Hunter (1930) has cited evidence that the spongiosa acts as the 
storehouse of readily available calcium, and that the cortioalis is at first 
spared m the process of calcium mobilization It is noteworthy also that in 
the normal adult red marrow is almost confined to the bones of the spme, 
limb girdles, and thoracic cage These bones are consequently highly 
vascular, and therefore provide a more elastic store of calcium than the bones 
containing fatty marrow, which has a relatively poor blood supply 

Bi-concamty of the vertebral bodies The upper and lower surfaces of the 
vertebral bodies become concave, and the intervertebral disks become bi- 
convex and often thickened (Plate 7 , Pigs 3 and 4) The change is confined 
to that part of the spme showing gross osteoporosis The extent of deformity 
vanes greatly between patient and patient, and often between adjacent 
vertebrae in the same patient The mam part of the upper or lower surface 
of each vertebral body is separated by a hyaline cartilage plate from the 
rest of the intervertebral disk Rather lllogically, the cartilage plate is 
regarded, not as part of the vertebral body, but as part of the disk The 
remainder of this is composed of the highly elastic nucleus pulposus enclosed 
in the tough annulus lamellosus The cancellous bone of the vertebral body 
extends almost to the cartilage plate with a poorly developed intervening 
cortical layer Softening of the cancellous bone by osteoporosis allows the 
cartilage plate to bo indented seemingly by the pressure of the turgid 
nucleus pulposus , the pressure depends upon superimposed weight and 
muscle pull, and consequently alters with spinal movements Often the bone 
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Yet another ‘felt something give as though something m the hack had 
collapsed’ Two of Meulengracht’s (1938, 1939) patients also thought that 
they felt something break, and one of them stated that he had heard the 
bono break The patient might or might not fall, but was usually put to 
bed, and romamed there for a matter of days or weeks, at first unable, and 
later afraid, to move his back Nothing seemed to give relief except heat 
and rest Almost certainly the acute symptoms mean collapse of a vertebral 
body It might bo expected that a flexion movement would be the exoiting 
cause, beoause it is flexion injuries that lead to crush fractures of normal 
vertebral bodies In our cases the history usually suggested extension of 
the flexed spine as the cause, the pain coming on during the act of lifting 
a weight, opomng a stiff drawer, or ‘stretching’ on waking in the morning 
A flexion movemont appeared to start an aoute attack in two of our patients, 
one, who had suffered previously, was applying a spinal support prone, and 
flexing her spine to allow the abdominal straps to be buckled, when she was 
suddenly stnoken , the other was m the act of bending down Moffat (1934) 
had a similar case Coughing started the severe pain for the first time m 
one case The predominant chrome symptom is backache which comes on 
gradually It is usually situated in the lumbar region, but is sometimes 
thoracic It is nearly always worse with activity and is relieved by rest 
It may recur on the first resumption of activity after rest Sneezing or 
coughing may aggravate the pam Sometimes the back feels weak and 
exceptionally there may be stiffness The pam sometimes radiates to the 
front of the chest, the abdomen, or the buttocks and the backs of the thighs. 
Some patients, whose histones were described by other authors, complained 
that they were becoming shortened and bowed, but only one of our patients 
made this complaint Although tetany did not occur, complaint of paraes- 
thesiae m the feet and legs was made by one patient, and in the hands and 
feet by another (Meulengraoht, 1938, 1939) One of our patients had paraes- 
thesiae in the feet and legs with loss of vibration sense in the tibiae 

Signs The principal physical sign, which has been present m all our cases, 
is kyphosis or less commonly kypho-scoliosis The kyphosis involves a sub- 
stantial number of vertebrae and is therefore of the rounded variety and 
not angular, although some spinous processes may be more prominent than 
their neighbours At the stage in which our oases were seen, the kyphosis 
was usually almost restricted to the dorsal or lower dorsal region Although 
the lumbar region may show bowing or loss of its normal curve, more often 
this is fairly well preserved and sometimes it is even exaggerated to form 
a lordosis, presumably compensatory in character The mobility of the 
lumbo-dorsal spme may be preserved m quite advanced cases, failing a 
vertebral oollapse, but is as a rule substantially diminished and may be 
trivial Previous writers have desonbed clinical signs dependent on tele- 
scoping of the lumbar spme and the approximation of the costal margin to 
the iliac crests, namely shortening of the lumbar region, oblique folds running 
downwards and outwards m the dorse-lumbar region, and a deep transverse 
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Aetiology 

Did Estimates -were made of some of the more important constituents 
of the usual diet of 16 of our patients, and are shown m Table II These 
must he accepted with reserve, because they depend on information imparted 
by patients and because of the variation in the composition of foodstuffs 

Table II 


Estimates of certain minerals and vitamins in the habitual diets of some 
patients with osteoporosis of the spine of unknown origin 


Patient 

Sex 

Age 

Calcium 

mg 

Phosphorus 

mg 

Ca/P 

ratio 

Vitamin 
A l u 

Vitamin 
C mg 

Vitamin 

Diu 

W 8 

F 

38 

1,407 

— 

— 

1,447 

29 

144 

E P 

F 

44 

200 

689 

(1 3 44) 

— 

— 

Low 

L L 

F 

49 

620 

890 

(1 171) 

About 

About 

25 

E D 

F 

60 

Low 

736 

1,000 

100 

_ 

M S 

F 

66 

<100 

278 

(>1 2 78) 

— 

— 

Low 

J F 

F 

69 

697 

713 

(1 1 02) 

1,600 

69 

16 

J P 

F 

61 

1,200 

1,011 2 

(1 0 84) 

— 

— 

Low 

M E 

F 

63 

419 

678 4 

(1 164) 

3,026 

48 

36 

EL M 

F 

67 

400 

631 7 

(1 1 33) 

— 

— 

Moderate 

M M 

F 

67 

750 

909 

(1 12) 

— 

— 

Low 

B J 

F 

68 

691 

626 

(1 106) 

2,900 

14 

76 

R H 

M 

44 

1,200 

— 

— 

— 

— 

— 

H P 

H 

63 

270 

563 5 

(1 2 06) 

— 

— 

Moderate 

H H 

M 

68 

695 

970 

(1 163) 

3,960 

28 

68 

F S 

M 

61 

120 

613(7) 

— 

— 

— 

— 

F K 

M 

69 

713 

- 986 

(1 138) 

3,488 

38 

41 

‘ Standard require 
ment’ 

j 560 

1,067 

1 194 

3,000 to 
4,000 

26 to 60 

(7)300 to 
600 


The question of the amount of calcium which the diet should contain is not 
yet settled Sherman (1920) considered that 450 mg daily was the minimum 
and that a 60 per cent increase to 675 mg would be sufficient Leitch 
(1936) investigated 397 women and found that 318 were in a negative 
balance with diets which varied from 150 to 200 mg to 700 to 760 mg 
daily She found that with a diet of 550 mg the numbers of positive and 
negative balances were equal, and she suggested this figure as the true 
maintenance requirement The fact that 45 women were m negative balance 
on diets varying from 500 to 700 mg and that 39 women were m positive 
balance on diets varying from 150 to 450 mg shows that other factors 
besides the amount of calcium m the diet help to determine whether 
a patient is in negative or positive balance If Leitch’s figure of 560 mg is 
taken, it is found that seven out of 16 of our patients were taking deficient 
diets, 270 mg daily or less in four or five instances Eight were presumably 
taking plenty of calcium, three of them taking a calculated amount of more 
than 1,000 mg a day (Table II) 

The daily phosphorus requirement is also uncertain Sherman gives 
a figuro as high as 1,320 mg If we use Leitch’s estimate for calcium and 
accept Sherman’s hypothesis that the calcium and phosphorus should be 
present m the proportion of 1 1 94, we arrive at the figure of 1,067 mg 
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appears to resist the pressure by a subchondral increase, or relative increase, 
m density (Plato 7, Fig 4) The indentation of almost the whole surface m 
these cases should be distinguished from the more localized Schmorl’s node, 
which results from the herniation of the nucleus pulposus through a defect 
in the cartilage plate and so constitutes an aotual incursion of nuclear sub- 
stanco into the bone This may occur in osteoporosis, but is not characteristic 
of it A wholly false appearance of bi-concavity may be found m those 
vertebrae which are not accurately centred on the film, but recognition is 
easy if the possibility is appreciated 

Collapse of vertebral bodies Uniform wedging This is the commonest form 
of collapse A bi-concave vertebra becomes narrowed in its anterior part, so 
that the vertebral body becomes wedge-shaped as well as bi-concave The 
apex of the wedge is usually forward, though lateral angulation also may 
occur This tj’po of wedging, without radiological evidence of fracture and 
without acute symptoms, seems to be of gradual development over a matter 
of weeks 

Generalized crushing Wedging of a vertebra may be accompanied by acute 
symptoms and may bo associated with evidence of fracture in the form of 
cortical buckling Here we are concerned with a pathological crush fracture 

Localized fracture A small part only of the vertebral body may be affected 
Collapsed vertebrae, as distinct from merely compressed vertebrae, have 
been found m 14 of our cases, as follows T 8 alone (twice), Lj alone (twioe), 
L 3 alone, L x and Lj, T 0 and L 1 , T 7 , T 8 and T„, T 7 and T 12 , T„ and T u , T u and 
T l; , T 5 , T„ and L v T 12 , L x and L fi , T 6 , T„, L 7 and L s Traumatic fracture 
commonly affects L x or T 12 , but is uncommon in thoracic vertebrae above 
the twelfth Often there is great variety of vertebral shape in the same 


spine 

Pseudarthroses between lumbar spinous processes Meulengracht (1938) 
observed m several of his cases ‘osteoarthrosis of the spinous processes , 
consisting of articulation of neighbouring spinous processes and the con- 
sequent development of pressure facets upon them, or, in other words, 
pseudarthroses between the spinous processes, ‘kissing spines’ as they have 
been called This condition, which Meulengracht calls Baastrup’s disease, 
was described by Brailsford (1928) , it was elaborated by Baastrup (1936) 
as a possible cause of lumbago Meulengracht considers the changes to be 
secondary to the vertebral collapse, and that they may constitute an mde 
pendent source of pain Lumbar spinous processes have approaohed one 
another in some of our cases , the progress of the lesion is well shown m 
Plate 7, Figs 5a and 5b The changes are interesting as evidence of 
telescoping This signifies softening and collapse of the neural arches as well 
as the bodies of the vertebrae , affection of the bodies alone causes kyphosis, 
not telescoping The signs found when lumbar telescoping occurs, shortening 
of the lumbar spine with the formation of cutaneous folds, have already 


been described 

The radiological appearances are identical with 


those of osteomalacia 
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a maximum The total calcium of the diet has recently been increased by 
the addition of calcium to the national bread, so that a patient eating 
10 oz of bread daily takes an additional 171 mg of calcium daily, bringing 
the m inim al and maximal totals to 507 and 759 mg respectively It is 
doubtful, however, how much of the calcium added to the national bread will 
be absorbed, because national bread contams more phytic aoid than white 
bread McCance and Widdowson (1942) have shown that the subjects of 
their experiments all lost much more calcium when they ate brown bread 
instead of white bread, and the high loss was improved unexpectedly httle 
by the addition of 200 l u of vitamin D to the diet If the caloium m the 
bread is neglected, the figures 336 and 588 mg represent the estimated 
limits of daily caloium intake in a subject who consumes the whole of his 
ration and an average amount of unrationed calcium-containing foods The 
minimal figure is substantially lower than Leitch’s estimate of the standard 
requirement, namely 560 mg daily Similarly, the phosphorus figures for the 
rationed foods gave a minimum of 311 mg and a maximum of 494 mg , with 
the addition of 280 mg for the same unrationed foods, the figures become 
690 as a minimum and 774 as a maximum The phosphorus content of the 
war diet is very deficient, as judged by some standards, and may play an 
important part in causing osteoporosis if the deficiency is long continued 
Although the war-time rationed diet may have contributed, and may have 
precipitated symptoms, it is probable that the greatest dietetic factor m our 
cases has been the exeroise of individual preferences over many years before 
the war 

Eabxtual purgation Most of our patients have indulged very moderately, 
if at all, but the following exceptions are noteworthy (a) ‘Carter’s httle 
liver pills’ daily for 15 years, and, for the last three years, an alkahne powder 
as well, (6) Epsom salts daily for 11 years, (c) a phenolphthalem preparation 
daily for seven yearn , (d) liquorice powder twioe a week for 43 years These 
purgatives are hardly powerful enough to produce the liquid stools whioh 
might he responsible for an important loss of calcium Purgation, if a factor 
at all in these cases, was almost certainly a minor one, but Meulengracht 
(1938) beheved that it was an important or, perhaps, the only factor in 
some The perversion in these cases was extreme and of long standing 
(a) 1 to 11 gm of rhubarb root nightly for 40 years, ( b ) five senna pods 
nightly for 16 to 20 years, and (c) Carlsbad salts daily for 35 years In the 
last instance he thought it probable that some of the calcium of the food was 
evacuated as insoluble calcium sulphate As Meulengracht pointed out, the 
intestinal changes caused by abuse of laxatives may well tilt the balance 
when the constitution of the food is not optimal 

Aliahcs It has been supposed that alkahcs, taken to excess, may impair 
the absorption of calcium and vitamin D by raising the pH of the gastric 
juice, and so precipitating dissolved calcium and also combining with calcium 
This may be true, but the effect is probably unimportant unless the supply 
of calcium, phosphoros, and vitamin D is already meagre Graham and 
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daily On this basis (possibly too high) the phosphorus intake was deficient 
m all 14 patients m whom it was investigated (Table U) By contrast, 
a patient with leukaemia mimicking clinically and radiologically other oases 
of osteoporosis of the spine had a daily phosphorus intake of 1,382 mg 
Other figures for this case were calcium 991 mg , vitamin A 3,590 i n , 
ascorbic acid 10 mg , and vitamin D, 63 i u 

The intake of vitamin D appeared low in our patients, but here again we 
are handicapped by ignorance of the requirements of the non-pregnant, 

Table III 

Estimated maximum and minimum daily intake of calcium and phosphorus 
under conditions of food rationing, 1941-3 

Calcium mg Phosphorus mg 

Minimum Maximum Minimum Maximum 


From rationed food 

From unrationed food (no addo'd 

171 5 

423 6 

310 5 

493 9 

calcium) 

164 4 

164 4 

279 8 

279 8 

Total without added calcium 

335 9 

688~ 

690 3 

773 7 

From 10 oz , national broad with 

addod calcium 

171 

171 

— 

— 

Total 

506 0 

759~ 

690 3 

773 7 


'Standard roquiromont’ S50 1,067 

non-lactating adult. A further complication is the power of the individual 
to make vitamin D when exposed to snnlight Many of our patients were 
elderly, and such often avoid direct sunlight 

The reason for an unsuitable diet has been sometimes a solitary life, 
sometimes eccentricity, and sometimes indigestion, histones of which were 
obtained in six of our patients In at least one of these instances the diet 
appears to have been medically presonbed Another case associated with 
a deficient diet taken for peptic ulceration was published by Ravault, 
Graber-Duvernay and Legcr (1939) Mellanby (1932) has seen two childless 
women m this country with osteomalaoia produced by dietary restriction 
medically advised Similar cases have been reported by Decourt (1935), 
Weissenbach and Lidvre (1935), Loubeyre and Blondeau (1936), Blaok, 
Ghormley, and Camp (1941), and Schultzer (1933) 

The possible effect of food rationing should be considered as 17 of the 20 
cases had become manifest since the outbreak of the present war Our 
dietitian, Mrs Newman, has therefore calculated the amount of calcium and 
phosphorus which patients would have if they ate their full diet The 
amount of caloium whioli was calculated to be available m the rationed 
foods during 1941 to 1943 was 172 mg daily as the minimal figure and 
424 mg as the maximal figure when both the milk and cheese rations were 
at their highest If the usual amounts of the unrationed foods containing 
calcium (herring, cabbage, dried milk) were eaten, an additional 164 mg 
daily were probably taken, making 336 mg as a minimum and 58 S mg as 
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and IAger (1939) desonbed a case complicating gasfcro-enterostomy, but diet 
was probably the major factor here Meulengracht drew attention to similar 
changes in non-tropical sprue, which is probably an example of idiopathic 
steatorrhoea (Gee’s or coeliac disease) , m this disease various manifestations 
of rickets and osteomalacia are familiar, and they may include spmal ohanges 
(Bennet, Hunter, and Vaughan, 1932 , Miyakawa and Steams, 1942). Holmes 
(1939) reported an example of generalized osteoporosis with the typical spmal 
changes and without pelvic deformity in a case of chrome diarrhoea of 
unknown origin, possibly tropical sprue , steatorrhoea was not demonstrated 
Delahaye (1938) mentioned a case of dorsal kyphoBis with marked osteoporosis 
m a patient with chrome amoebio enteritis 

Hypopituitarism is sometimes associated with generalized osteoporosis 
MoSat (1933) described osteoporosis of the spine, with the changes described 
above, in a boy of 19 years considered to be suffering from hypopituitarism 
Hyperthyroidism is often accompanied by osteoporosis, with excessive 
caloram excretion The loss can rarely be so severe as to give the changes 
described here, but Hunter (1935) has reported one case, though the published 
radiograph does not show advanced changes One of the patients with 
osteoporosis desonbed by Ravault, Graber-Duvemay, and Leger (1939) had 
suffered from Graves’ disease 25 years before the onset of spmal symptoms , 
two others were complicated by non-toxic goitre One of our patients had 
been treated for Graves’ disease for a penod of eight months, six years before 
the onset of spinal symptoms 

Dental condition Sixteen of our patients had lost all their teeth , of the 
remaining four patients, one was edentulous in the upper jaw only, one 
possessed 10 teeth, the third possessed one tooth, and the fourth possessed 
12, all requiring extraction on account of periodontal disease In view of 
the age of our patients the condition of their teeth cannot be considered as 
exceptional 

Scurvy Deficiency diseases tend to occur together m the same patient 
One of Meulengraoht’B (1938) patients had scurvy One of our patients gave 
a history suggestive of scurvy 15 years previously When she was seen the 
excretion tests showed that she was grossly unsaturated with ascorbic acid 
Three other patients who were tested showed respectively gross, moderate, 
and slight degrees of unsaturation 

Fractures, other that those of vertebrae One of our patients had sustained 
a Colies fracture 10 months before, and another had had an mtracapsular 
fracture of the neck of the femur, 10 months before In each case the 
fracture resulted from material injury, a fall from a step-ladder, and m each 
case bony union ocourred satisfactorily Another patient had suffered from 
broken ribs four times in the preceding five years, twice spontaneously Yet 
another sustained a fractured inner malleolus from slipping while in hospital 
for investigation of her osteoporosis Other cases have been reported 
(Meulengracht, 1939 , Lance, Girard, and Lance, 1938 , Ravault, Graber- 
Duvernay, and L4ger, 1930) 

1QJJL yew Eerie* Xo. 55) M 



166 


QUARTERLY JOURNAL OF MEDICINE 


Oakley (1038) secured a positive calcium and phosphorus balance m two 
patients with renal rickets whom they treated with large doses of alkalies 
and vitamin D. It is possible that purgative alkalies can exert some ill 
effect both ns purgatives and as alkalies 

Deficient sunlight Weissenbach and Lidvre (1938) ascribed two cases of 
osteoporosis wholly, and two partly, to this cause 

Senility The question of age has been discussed sufficiently to mdioate 
that the condition under discussion is not purely one of advanced years, 
although it embraces the more severe cases of senile osteoporosis 

Achlorhydria Meulengracht (1938) observed this in eight cases out of 19 
Black, Ghormley, and Camp (1941) found achlorhydria in 11 of 29 investi- 
gated cases of senile osteoporosis of the spine Four out of 12 of our patients 
who were investigated had achlorhj’dria , a fifth had pernicious anaemia 
and almost certainly complete achlorhydria It is doubtful whether this 
alone without dietary deficiency would suffice to produce the bony changes 
Nevertheless, these should be looked for in cases of known or suspected 
achlorhydria 

Syphilis One of our earliest cases of osteoporosis of the spine was m 
a man of 32 years suffering from syphilis This case did not resemble 
syphilitic generalized osteitis, and, except in the matter of age, was both 
chmcalty and radiologically similar to the cases here described The Wasser- 
mann reaction was positive in this case, though negative m the other 16 
cases of spinal osteoporosis which were tested He had received a great deal 
of treatment (reputedly 48 1 gm of arsenic and 30 1 gm of bismuth in 5\ 
years), and we were inclined to think that this, rather than syphilis directly, 
might have played a part in the decalcification , his dietetic habits were 
unknown Calcium and phosphorus balance investigations in his case are 
given later Racouchot (1939) described a case of painful osteoporosis of the 
spine in a syphilitic woman aged 36 years who had been treated with 
novarsenobenzol, cyanide of mercury, iodized oil, and hydroxide of bismuth 
Of the last she had received 37 6 gm (equivalent to 30 1 gm of metallic 


bismuth) in 24 years, and a bismuth line was present on the gums When- 
ever the drug was given the pain became worse The author ascribed the 
spinal osteoporosis to the bjsmuth intoxication Aggravation of symptoms 
followed the administration of mercury, bismuth, and iodine m an estabbslied 


case of osteoporosis having a negative Wassermann reaction (Caussade and 
Tardieu, 1932) The typical condition has ocourred in a tabetic patient of 
64 years who was thought not to have received anti-syphihtio treatment 
(Thomas, Shaeffer, and Hue, 1933) One of the figures (No 9) illustrating 
an osteoporotic spine in the paper of Lance, Girard, and Lance (1938) 
shows, without comment, traots of gluteal injections of a radio-opaque 
material One of Meulengracht’s patients was syphilitic, but his diet had been 
very deficient (Meulengracht and Rothe Meyer, 1937, Meulengracht, 1939) 
Other conditions winch might interfere with absorption Meulengracht (1938) 
reported a case complicating pyloric stenosis, Ravault, Graber-Duvernay, 
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was estimated, and there was a daily negative balance of 320 mg The dose 
of vitamin D was increased to 16,000 i u and that of vitamin A to 80,000 l u , 
and the balance was repeated after an interval of 145 days. The patient 
then had a positive calcinm balance and was retaining 93 mg (average for 

INQRGAH1C PHOSPHORUS CALCIUM 



Fro 2 Diagram to show grouping of patients according to serum in- 
organic phosphorus and serum-caloium concentrations (Menlengraoht’s 
series cross hatched , present series, plain ) The values tend to be lower 
m the present senes than in Meulengracht’s 

the eight days) He was still losing a little phosphorus, 40 mg a day, but this 
was a considerable improvement 

The calcium balance of a Becond patient was determined by Dr J N 
Comings at the National Hospital, Queen Square This patient had a very 
advanced degree of osteoporosis She took a diet without additional vitamin D 
which contained 1,650 mg of calcium a day for six days and the average 
retention of calcium was 750 mg daily This result was so surprising that 
it was cheoked in every possible way and no error of collection was discovered 
It was repeated bix weeks later and the positive balance was 650 mg It 
must be concluded that this patient, whose vertebrae were mere ‘ghosts’, 
was able to store calcium easily when a high calcium diet was given 

Most reports have shown that the patients were losing calcium and 
phosphorus 

The blood -phosphatase was estimated in the 6ame 17 cases as the calcium 
and phosphorus It was normal or just above normal m all except four In 
one, a raised figure was explained by advanced renal disease , m the other 
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Heterotopic calcification Tho radiographs of ono of our patients showed 
donse calcification of the oostal cartilages, which is commonplace, and of tho 
rings of tho trachea and bronchi, whioh is infrequent Concomitant calcifica- 
tion of tho aorta has been described by other observers 


Results of Pathological Investigations 

The serum-calcium was estimated in 17 of our 20 cases Seven gave figures 
between 8 and 9 mg per 100 o c , seven between 9 and 10 mg , and three 
betweon 10 and 11 mg The accepted normal range is 9 to 11 mg per 100 
c o of serum Ravault, Graber-Duvemay, and L6ger (1939) similarly found 
the serum-calcium slightly diminished m the five patients investigated 
Lance, Girard, and Lance (1938), on the other hand, found the blood-calcium 
normal or sometimes raised Similarly Meulengraoht (1939), among his 
19 cases of osteoporosis, found mostly normal values m tho 12 cases investi- 
gated In 92 determinations in 68 cases of senile osteoporosis of the spine 
Black, Ghormley, and Camp (1041) found figures between 7 8 and 12 7 mg 
of calcium per 100 c c of serum, the ‘great majority’ of readings were 
between 9 and 11 mg , and tho average value was 9 8 mg 

The serum inorganio phosphorus, estimated in the same cases of ours as 
the serum-calcium, was distributed as follows below 2 mg per 100 c e one, 
2 to 3 mg , five , 3 to 4 mg , nine, 4 to 6 mg , one , 6 to 6 mg , one All, except 
the first and last figures, are within the normal range for the adult The 
serum-phosphorus was estimated before treatment m nine of Meulengracht’s 
(1939) cases, tho values were all between 3 and 6 mg per 100 o c Black, 
Ghormley, and Camp (1941) reported 77 determinations of the serum 
inorganio phosphorus in 68 cases, with results varying between 2 1 and 6 5 
mg per 100 c c , and a mean of 3 4 mg per 100 o c Darley, Gordon, and 
Hatchett’s (1942) figures were of the same order In Meulengracht’s senes 
and ours there was little tendency for calcium and phosphorus values to 
show either a direct or an inverse relationship The distnbntion of oases for 
vanous serum inorganic phosphorus and serum-caloium levels m Meulen- 
graoht’s and the present senes is shown in Fig 2 

Calcium and phosphorus balances We are able to report only two balance 
experiments, as we considered the conditions in the wards of our Emergency 
Medical Service hospital unsuitable for accurate work One experiment was 
earned out before the war on a man under good conditions, but he was the 
one syphilitic patient m the senes He was given a weighed diet whioh 
contained 1,000 mg of calcium and 1,363 mg of phosphorus In the first 
penod he showed a negative balance of 271 and 263 (average 262) mg of 
calcium in spite of the large intake By a mistake, the phosphorus was not 
estimated He was then given 12,000 i u of vitamin D and 60,000 i u of 
vitamin A for nine days This caused a decrease in the output of calcium 
m the urine from 261 mg to 192 mg , but the daily balance was still 
a negative one of - 36 to - 146 mg In this experiment the phosphorus 
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bulged from the cut surface, so that some of their turgor still remained in 
spite of the expansion of the disks The cartilaginous plates seemed much 
thinner than usual 

Professor G Hadfield cut sections from the second and third lumbar 
vertebrae and the intervening disk of the first specimen, and from the eleventh 
and twelfth vertebrae and intervening disk of the second specimen, and 
compared them with the sections of the spme of a man of approximately the 
same age He reported as follow 

Case 1 Under low power the following changes are seen 
Considerable and irregular reduction m thickness of the bony corticalis 
enclosing the spongiosa of the vertebral bodies, this change being most severe 
in that part of the corticalis in oontact with the thinned-out cartilaginous 
plates above and below each disk (Plate 8, Fig 8 and Plate 9, Fig 9) 

A striking reduction m the amount of cancellous bone of the spongiosa of 
the vertebral bodies The normal pattern of anastomosing bony columns is 
reduced to a few scattered and isolated spicules of bone whioh are coarsely and 
irregularly fibnllated, the osteocytes being large, swollen, and degenerated 
There is no suggestion of fibrous substitution or presence of uncaloified osteoid 
or osteoclastic resorption (Plate 9, Fig 10). 

In addition to the reduction in thickness of the cartilaginous plates seen 
with the naked eye, low power examination showB many breaches of con- 
tinuity m the cartilage through which the disk substance comes into direct 
contact with the spongiosa of the vertebral bodies (Plate 9, Fig. 11) The 
cartilage oells are reduced in number, very greatly reduced in size, and 
closely packed together They have obviously been subjected to considerable 
pressure and the appearances are those of simple pressure atrophy 

The disks themselves show no clear division into annulus and nucleus 
pulposus, although the latter structure can be indistinctly identified micro- 
scopically from its loose structure The disks look abnormally compact and 
stain more deeply than normal Along the whole length of the cartilaginous 
plates there is irregular invasion of the annulus by swollen and apparently 
immature cartilage cells suggesting irregular cartilaginous metaplasia Here 
and there these colls be in a lightly calcified matrix. The cells of the disk 
stain weakly and the fibre system is irregular and erratic 

The sequence of events as judged from these sections appears to have been 

1 Simple atrophy of the bony framework of the vertebral bodies not due 
to fibrous substitution or osteoclastic resorption 

2 Expansion of the annular portion of the intervertebral disks with 
prolapse into the vertebral bodies 

3 Pressure atrophy and loss of continuity of the cartilaginous plates 

Case 2 The disk shows considerable expansion mto the spongiosa of the 
body. The expansion is much more regular than m the first case The 
cartilaginous plate on either side of the disk is well defined and the margin 
m contact with the disk substance shows relatively little irregularity There 
is obvious atrophy of the bony framework of the vertebral body, but this is 
quantitatively much less senous than in the first case Uncalcified osteoid 
tissue is absent 

The nucleus pulposus is easily recognizable, but its fibre system is irregular 
and its cells are scanty. Under higher powers the cartilaginous plates on 
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three, recent collapse of a vertebral body was suspected, and bone repair 
would account for the high figures These observations agree with those of 
other observers 

Dari adaptation Vitamin D deficiency may be expected to be accompanied 
often by the deficiency of vitamin A The dark adaptation of four of onr 
patients was investigated by Mr E W Godding, of the Crookes Laboratories, 
and found to bo materially deficient Meulongracht (1938) made a s imila r 
observation in one case. 

The erythrocyte sedimentation rate was somewhat raised m four of our oases, 
but there was independent reason in all (pernicious anaemia, gout, and two 
cases of hyperpiesia) , in the other seven in which it was performed it was 
normal Unexplained high figures appeared in two out of Meulengracht’s 
(1938) four cases , it was not repeated, so that the elevation may have been 
from transient causes Similarly, Blaok, Ghormley, and Camp (1941) had some 
unexplained high readings, but they recorded no repeated investigations 

The blood counts and haemoglobin estimations gave normal results in all our 
patients, except the one with pernicious anaemia and the one with aplastic 
anaemia Other observers have found the blood count normal unless the 
condition was complicated by another cause for the anaemia 

Renal function tests The blood-urea, estimated m 16 of our patients, was 
found to be materially high (68 and 60 mg per 100 c o ) m one of the two 
patients who might have had mild Cushing’s syndrome , renal deficiency was 
confirmed by the urea clearance test, and the patient later died m uraemic 
coma The serum-cholesterol was estimated in both the cases of suspected 
Cushing’s syndrome, and found to be raised m both (free, 82 mg + ester, 
218 mg = total, 300 mg per 100 oo , and 81+264 = 346, normal, 100 to 
230 mg per 100 c c ) 

The faecal fat was estimated m three cases in which there seemed a possi- 
bility of mild old-standing steatorrhoea, but the findings were normal 


Necropsy Findings 

Three of our patients have died, one from broncho-pneumonia complicating 
aplastic anaemia, a second from cerebral haemorrhage, and a third from 
uraemia In the first two instances post-mortem examinations were made, 
but unfortunately without our knowledge The endocrine system was not 
critically examined, and no specimens were preserved 

In the first case a thick shver (Plate 8, Fig 6a) was easily removed from 
the vertebral column with a knife The vertebral bodies were biconcave and 
more squat than usual, the intervertebral disks were enlarged and biconvex 
The degree of osteoporosis was so extreme that the vertebrae resembled the 
red marrow of a long bone and were fleshy in consistency In the second 
case the spine from the fifth thoracic to the second lumbar vertebrae was 
bisected sagitally (Plate 8, Fig 7) The osteoporosis was much less marked 
and most of the vertebrae still showed a bony texture The nuclei pulposi 
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(Pommer, 1886, Maxwell and Tnmbull, 1930, Maxwell, 1935) is formed 
instead of bone, so that the layer of bone is thinner than usual and there is 
a broad seam of osteoid tissue which outlines the trabeculae of the bone 
The sections from our two fatal cases show that the bone is thinner than 
usual and that the seam of osteoid tissue is of normal thickness Thus both 
the clinical and pathological evidence makes it clear that the condition here 
described is different from osteomalacia 


Discussion of the Aettology 

The cause of the osteoporosis can now be considered in the light of this 
evidence It must result from the failure of ossification to keep pace with 
bone resorption This failure may result either from increased destruction 
or from dimished construction No histological evidence was found of the 
former. The latter is the more likely explanation and the following factors 
must be considered 

Lack of sufficient vitamin D in the diet The evidence which we have 
brought forward shows that the osteoporosis differs m many respects from 
osteomalacia The latter is believed to be due to lack of vitamin D, and 
recovery takes place rapidly when adequate amounts of the vitamin are given 
It does not seem conceivable that osteoporosis with its different pathology 
can be due to this cause 

The association of some cases with other diseases such as scurvy due to 
lack of vitamin C, and with poor dark adaptation, due to lack of vitamin A, 
may be no more than an accidental association though it maybe of importance 
Ascorbio acid plays an active part m the repair of bone as Bourne (1942 a, h) 
has shown One of our patients almost certainly had scurvy 16 years 
previously and was grossly unsaturated , one other patient was also grossly 
unsaturated, one moderately so, and the other only slightly, but unsatura- 
tion 13 frequent, in wartime at all events The other 16 patients showed no 
obvious sign of scurvy, but were not tested It is conceivable that patients 
may just take enough vitamin C to prevent any obvious signs of scurvy, but 
that the amount taken may be insufficient to allow of proper repair of the 
bone We feel that this pomt requires further investigation 

It is not believed that lack of vitamin A plays any part m bone repair 
The low calcium and phosphorus content of the diet possibly intensified 
the dietary restrictions in war time It seems probable that these factors 
play some part m causing the condition The amounts which our patients 
took are on the low side and this is especially the case with the phosphorus 
The second calcium balance which we reported is m favour of this hypothesis 
The bodies of the vertebrae were reduced to ‘ghosts’, but when a diet 
containing 1,650 mg of calcium was given no less than an average of 760 mg. 
were retained each day of the experiment , that is, calcium was retained if 
enough were given Unfortunately the phosphorus balance was not deter- 
mined in this case 
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either side of the disk show close packing of cartilage cells with reduction 
in coll size 

The changes found strongly suggest that the pathological process m this 
case is the same as that found m the first case, but at a much earlier stage 

The most conspicuous mioroscopic changes were the extreme osteoporosis 
of the vertebral bodies, without osteoid tissue formation, and the attenuation 
of the cartilage plate separating the rest of each disk from each body 

Distinction from the, ostcomalacias The two clinical forms of osteomalacia, 
puerperal (or pregnancy) and hunger osteomalacia must be distinguished from 
tho osteoporosis which we have described The gross changes in the vertebral 
column are similar m all three types 

Puerperal osteomalacia is conspicuously associated with pregnancy and 
lactation m women living on grossly deficient diets and, m some oases, 
without adequate sunlight It has a fairly rapid onset, and is associated 
with a low concentration of blood-calcium and often with tetany Its effeots 
fall on the pelvis and spinal column, but the limbs also may be affected 
Spasm of the adductor muscles of the thighs, a waddling gait, and bony 
tenderness are prominent features 

Hunger osteomalacia or famine osteopathy ( Cramer and Schiff, 1920, 
Dalyell and Chiok, 1921 , Hume and Nironstein, 1921) such as that found 
m Vienna after the war of 1914-18, affected some of the very poor of 
either sex from adolescence (when the disease merged with late nckets) 
upwards , tho commonest ages were between 40 and 70 years, and especially 
between GO and 70 years The clinical features resembled those of puerperal 
osteomalacia in the painful movement, waddling gait, bony tenderness, and 
spasm of adduotor muscles, with frequently low blood-calcium concentration, 
Chvostek’s sign, and sometimes frank tetany The osteoporosis, though 
most pronounced in tho trunk, was generalized, and spontaneous fractures 
of the long bones might occur, but the pelvis was little if at all deformed, 
a striking distinction from one of the most characteristic changes of puerperal 
osteomalaoia The symptoms of hunger osteomalacia were less marked in the 
summer, as oocurred also m one of our patients who had baokache during 
four successive winters Although the epidemics of hunger osteomalacia were 
associated with an even greater increase in cases of infantile and late nokets, 
there is said to have been no proportionate rise m the incidence of puerperal 
osteomalacia If the acute symptoms due to sudden vertebral collapse be 
excluded, the three conditions can be arranged in this descending order of 
seventy and rate of onset of symptoms puerperal osteomalaoia, hunger 
osteomalacia, and the osteoporosis under discussion 

t Cknioally puerperal osteomalacia and hunger osteomalacia show some 
Btrikmg differences from osteoporosis, since none of our patients had pain on 
walking, a waddling gait, spasm of the adduotor muscles, or bony tenderness 
In the osteomalacias, the condition has a fairly rapid onset, whereas in 
osteoporosis the onset is certainly gradual until a vertebra collapses Ihe 
pathology is also quite different In osteomalacia an excess of osteoid tissue 
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matosis The diagnosis of malignant disease had been made in one of our 
cases 

Diseases involving the bone-marrow Myelomatosis and the leukaemic type 
of myelomatosis, plasma cell leukaemia (Hochwalt, 1932), may give the 
changes characteristic of spmal osteoporosiB, so that Bence-Jones proteinuria 
should always be sought Bone changes of one kind or another occur in 
both lymphocytic and myelocytic leukaemias, especially m the aleukaemic 
(subleukaemic or leucopemc) forms Craver and Copeland (1935) reported 
an incidence of six among 68 cases of lymphocytic leukaemia, and one in 
82 cases of myelocytic leukaemia Baty and Vogt (1035) found bone changes 
m 30 out of 43 leukaemic children X-rayed The outstanding change has 
been osteoporosis, and the last-named authors reproduced a spinal radio- 
graph having much in common with the condition here described Bouchut, 
Levrat, and Guiohard (1934a, b) summarized some fatal cases of spmal 
osteoporosis associated with myeloid dysplasia , they considered these cases 
to be examples of aleukaemic myelocytic leukaemia (aleukaemic myelosis), 
and named the condition la mytlose osteomalaciqve One of our patients, 
a woman aged 67 years, whose vertebral radiographs showed the same 
characteristics as those of our other patients, was found to be suffering from 
chromo lymphocytic leukaemia, and she has been excluded from our senes 
The spmal deposits m such conditions as Hodgkm’s disease and Gaucher’s 
disease are also a source of difficulty Good illustrations of Gaucher’s disease 
and of myelomatosis radiologically mimicking osteoporosis of the spine are 
given respectively by Sohem and Arkm (1942) and Moffat (1933) In 
Gaucher’s disease, myelomatosis, and the leukaemias, specially the aleu- 
kaemio forms, sternal marrow biopsy may settle the diagnosis Paliard, 
Guiohard, Muller, and Vialker (1938) suggested its use m distinguishing 
cases of aleukaemic leukaemia with spmal osteoporosis from those of senile 
osteoporosis, in which they found the marrow normal 

Ankylosing spondylitis and advanced osteoporosis of the spine alike present 
pam, rounded kyphosis, stiffness of the dorsal and lumbar spme, and re- 
striction of cheat expansion Ankylosing spondylitis however affects men 
more often than women, it usually becomes manifest between the ages of 20 
and 30 years, it always shows radiological evidence of sacro-iliao arthritis 
or ankylosis, and is almost invariably associated with a substantially raised 
erythrocyte sedimentation rate 

Spondylolisthesis gives the shortening of the lumbar region and oblique 
dorso-lumbar folds seen m advanced cases of osteoporosis, but the radiograph 
has an entirely different appearance One of our cases of osteoporosis was 
complicated by spondylolisthesis at the usual level (L 6 - S x ) This condition 
results from a breach of bony continuity in each side of the neural arch of 
the fifth lumbar vertebra. The breach is considered to bo of developmental 
origin in most cases In cases of osteoporosis it might just conceivably be of 
dietetic origin and comparable with the Looser’s zones or bands of rarefaction 
which result from certain dietary deficiencies , this hypothesis seems unlikely 
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Achlorhydria This was present in a third of our cases, and it is possible 
that it plays a part, but the association is not clear 

The effect of chronic diarrhoea, when it is caused by steatorrhoea, may be 
decisive, since the fatty stool may sweep out bofore absorption both the 
calcium and phosphorus, as well as the vitamin D contained in the fat 
Diarrhoea duo to purgation is more difficult to understand, but may perhaps 
be a contributory factor 

Endocrine disturbances, such os those due to thyroid excess or pituitary 
changes, probably play some part m a few cases 

The a go incidence is consistent with a disease progressing over a period of 
years before tho onset of acute symptoms The discrepancy between the age 
of onset of these m tho two sexes confirms the general impression that many 
factors may contribute to the osteoporosis 


Differential Diagnosis 

Seeing that 20 cases wore met in less than five years in the course of 
ordinary hospital practice, we cannot think them rare, and there must be 
many which pass unrecognized A cliniomn should have no difficulty in 
diagnosing theso cases provided that he is familiar with their charaotenstio 
clinical and radiological picture It is important to recognize that the poor 
quality of the films depends on the general lack of oaloium m the vertebrae 
and not on the poor technique of the radiographer If this is remembered 
tho diagnosis may bo made considerably earlier and before gross deformity 
has occurred If all patients who complain of persistent pain m the back 
were properly investigated, the diagnosis should be made much earlier 
A few conditions which may mislead are worthy of review 

Ftbrosilis and arthritis Cases of osteoporosis are often erroneously diag- 
nosed as one of these conditions, usually through want of radiological 
exammation With a diagnosis of arthritis, one of our patients had received 
‘X-ray baths’ These were followed by symptoms of a severe anaemia, 
which caused carcinoma of the stomach to be suspected and a laparotomy to 
be performed A correct diagnosis of osteoporosis and aplastio anaemia was 
made before death Almost certainly the osteoporosis preceded tho treatment 

Malignant new growths Probably the commonest radiological mistake is 
to diagnose malignant disease when osteoporosis of the spine is present, 
a serious matter because of the difference in treatment and prognosis The 
tendency for some vertebrae to be more affected than their neighbours in 
cases of osteoporosis, as m malignant disease, should be remembered 
Secondary carcinoma, in the absence of an obvious primary growth or 
demonstrable bony metastasis elsewhere, usually destroys a vertebral body 
without obvious ohange m its neighbours Black, Ghormley, and Camp 
(1941) attach much importance to two pathological tests, the erythrocyte 
sedimentation rate and the blood films , a rapid sedimentation and imma- 
turity of myeloid cells suggest that the bony changes are due to carcrno- 
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matosis The diagnosis of malignant disease had been made m one of our 
cases 

Diseases involving the bone-marrow Myelomatosis and the leukaemic type 
of myelomatosis, plasma cell leukaemia (Hochwalt, 1932), may give the 
changes characteristic of spinal osteoporosis, so that Bence-Jones proteinuria 
should always be sought Bone changes of one kind or another occur m 
both lymphocytio and myelocytic leukaemias, especially m the aleukaemic 
(subleukaemic or leucopemc) forms Craver and Copeland (1935) reported 
an incidence of six among 68 cases of lymphocytic leukaemia, and one m 
82 cases of myelocytic leukaemia Baty and Vogt (1935) found bone changes 
m 30 out of 43 leukaemic children X-rayed The outstanding change has 
been osteoporosis, and the last-named authors reproduced a spmal radio- 
graph having much m common with the condition here described Bouchut, 
Levrat, and Gmchard (1934a, b) summarized some fatal cases of spmal 
osteoporosis associated with myeloid dysplasia , they considered these cases 
to be examples of aleukaemic myelocytic leukaemia (aleukaemic myelosis), 
and named the condition la mySlose osteomalacique One of our patients, 
a woman aged 67 years, whose vertebral radiographs showed the same 
characteristics as those of our other patients, was found to be Buffering from 
chromo lymphocytic leukaemia, and she has been excluded from our series 
The spmal deposits m such conditions as Hodgkin’s disease and Gaucher’s 
disease are also a source of difficulty Good illustrations of Gaucher’s disease 
and of myelomatosis radiologioally mimicking osteoporosis of the spine are 
given respectively by Schem and Arkm (1942) and Moffat (1933) In 
Gauoher’s disease, myelomatosis, and the leukaemias, specially the aleu- 
kaomic forms, sternal marrow biopsy may settle the diagnosis Paliard, 
Guichard, Muller, and Yialher (1938) suggested its use in distinguishing 
cases of aleukaemic leukaemia with spmal osteoporosis from those of semle 
osteoporosis, m whioh they found the marrow normal 

Anlcylosing spondylitis and advanced osteoporosis of the spine abke present 
pwn, rounded kyphosis, stiffness of the dorsal and lumbar spine, and re- 
striction of chest expansion Ankylosing spondylitis however affects men 
more often than women, it usually becomes manifest between the ages of 20 
and 30 years, it always shows radiological evidence of sacro-ikac arthritis 
or ankylosis, and is almost invariably associated with a substantially raised 
erythrocyte sedimentation rate 

Spondylolisthesis gives the shortening of the lumbar region and oblique 
dorso-lumbar folds seen in advanced cases of osteoporosis, but the radiograph 
has an entirely different appearance One of our cases of osteoporosis was 
complicated by spondyloksthesis at the usual level (L 6 - Sj) This condition 
results from a breach of bony continuity in each side of the neural arch of 
the fifth lumbar vertebra The breach is considered to bo of developmental 
origin m most cases In cases of osteoporosis it might just conceivably be of 
dietetic origin and comparable with the Looser’s zones or bands of rarefaction 
n hich result from certain dietary deficiencies , this hypothesis seems unlikely 
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Tuberculosis of the spme should always be considered m a case of stiff 
painful back, especially if associated with kyphosis The diagnosis is settled 
by the radiological appearances which are characteristic In tuberoulosis 
two vertebral bodies and the intervening disk are affected early and an 
abscess develops, the erythrocyte sedimentation rate is usually increased 
Tuberculosis of the spine had been diagnosed in one of our cases 
Paget s disease sometimes manifests itself m the spme alone In suoh 
instances tho texture of the affected vertebral body or bodies is coarser than 
m osteoporosis, and collapse is associated with lateral expansion of the 
vertebral body without much conoavity of its upper and lower surfaces 
The blood phosphatase is usually more than doubled m Paget’s disease, if it 
is of considerable extent and activity 

Angioma of a vertebra gives in the radiograph a ‘ honeycomb ’ appearance 
which may sometimes bo confused with that of osteoporosis In the angio- 
matous condition, however, the texture is much coarser, usually only one 
vertebra is affected, and collapse is unusual 

Fracture of a vertebral body and KiimtnelVs disease Collapse of one of the 
osteoporotic vertebrae, really a pathological fracture, may be mistaken for 
an ordinary fracture, or for Kummell’s {or Yemeud’s) disease (Lance, 1930) 
This name should bo reserved for post-traumatic collapse of a vertebral body 
without previous demonstrable fracture These conditions may be dis- 
tinguished by the history and by the radiological appearance of the other 
vertebrae Moffat (1934) pointed out that an adjacent intervertebral disk 
is usually diminished in traumatic fracture, whereas the disks are enlarged 
and biconvex m osteoporosis 

Hyperparathyroidism causes widespread bone changes of a fairly distinctive 
character The diagnosis is confirmed by the high blood-calcium and low 
blood-phosphorus 

Senile hyphosis Although this term is logically applicable to any form of 
kyphosis of the elderly, such as the condition under consideration, osteitis 
deformans, and various lands of arthritis, the term is ordinarily applied to 
kyphosis resulting from degenerative changes m the intervertebral disks, 
which become narrowed and often calcified anteriorly 

Osteogenesis imperfecta sometimes shows increased biconoavit.y and occa- 
sional wedging of vertebral bodies, as part of a general osteoporosis (Bobne, 
1928 , Kersley, 1936) 

Gushing's {1933) syndrome Spinal changes, indistinguishable clinically 
and radiologically from those described here, are sometimes found in Cush- 
mg’s Byndrome with osteoporosis Broster (1943) suspeots that this is 
confined to the true cases of pituitary basophilism as distinct from the 
adreno-oortical syndrome It has been suggested that cases of osteoporosis 
associated with obesity and hypertension may constitute a forme frusta of 
Cushing’s syndrome , two such cases are included in our senes, but the diets 
were very deficient m calcium and phosphorus, A frank case of Cushings 
disease with spinal osteoporosis has been excluded 
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Treatment 

The treatment we have adopted falls under two heads, general or medical 
and local or orthopaedic 

Medical treatment This has varied considerably while we have been 
observing these patients The diet and habits have always been regulated, 
but varying amounts of calcium, phosphorus, and vitamin D have been 
given The calcium has been given m various forms, calcium carbonate, 
calcium laotate, calcium gluconate, and sodium calcium lactate In the 


Table TV 


The approximate calcium content of various salts 


Salt 


Calcium Calcium supplied Approximate dose of salt 
per- by 3 gm of required t d s to supply 

centage isalt 1 gm of calcium dady 


Calcium carbonate 

40 

1 2 gm 

„ phosphate (at 86 %) 

33 

1 0 gm 

„ laotate i 

13 

0 62 gm 

„ gluconate 

9 

0 27 gm 

„ sodium laotate 

8 

0 24 gm 


1 gm (gr 16) 

1 gm (gr 16) 

2 gm (gr 30) 
4 gm (gr 60) 
4 gm (gr 60) 


Table V 


The. approximate phosphorus content of various salts 


Salt 

Acid sodium phosphate 

(Sodium dihydrogen phosphate) 
Caloium phosphate 
Sodium phosphate ‘ exsicoata’ 
(Disodium hydrogen phosphate) 


Phosphorus 

Phosphorus 
supplied by 

3 gm of 

Approximate dose of 
salt required t d a to 
Bupply 1 gm of phos- 

percentage 

Balt 

phorus dady 

20 

0 6 gm 

2 gm (gr 30) 

20 + 

0 6 gm + 

2 gm (gr 30) 

21 

0 6 gm 

2 gm (gr 30) 


later cases phosphorus has been given combmed with calcium or calcium 
phosphate The calcium and phosphorus content of the various salts is set 
out in Tables TV and V We have found that calcium phosphate m a dose 
of 1 gm (16 gr ) three times a day is well tolerated , it supplies 1 gm of 
caloium and 0 6 gm of phosphorus daily If it is thought desirable to give 
a higher ratio of phosphorus to caloium, a mixture of three parts of calcium 
phosphate with one part of sodium phosphate exsiccata might give better 
results , 4 gm (a level teaspoonful) twice a day would then supply 2 gm of 
calcium and 1 6 gm of phosphorus The powder is easy to take, but we 
have not so far tried it on any patients 

It is of interest to consider the quantity of supplementary calcium which 
must be absorbed m the food and as amediome m order to stop the progress 
of decalcification, and, further, to restore the bones to their normal density 
Lcitch (1936) calculated that the loss of calcium by one of Meulengracht 
and Rothe Mayer’s (1937) patients was of the order of 91 mg daily over 
a period of 10 years To prevent progress of the disease it would be necessary 
for this amount of supplementary calcium to be absorbed If double this 
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supplement were absorbed, that is, 182 mg daily, there would also be, slow 
reoalcification which would be complete at the end of 10 years To aohieve 
the same result m one year, it would be necessary for the patient to absorb 
a daily calcium supplement of 1,820 mg This amount is very large and 
a retention of 300 to 400 mg seems as much as can be expected At least 
five to six years must elapse before the skeleton could regain its former 
calcium content This calculation may explain why the skiagrams of our 
patients taken one to three years after the diagnosis was made still showed 
no evidence of any inoreaso m density 

Vitamin D has a specific effect in curing rickets and osteomalacia, and we 
have given it in doses varying from 3,000 to 30,000 l u daily without 
observing any striking changes in tho radiographs of our patients We have 
not seen any of the ill effects reported by Tumulty and Howard (1942) 
They gave 760,000 i u for 10 and 17 days respectively to two young men 
in the hope of causing fractures to unite more quickly The patients de- 
veloped nausea and vomiting with signs of mild nephritis, and the serum- 
calcium rose to 16 and 18 mg per 100 c c Wo feel that a dose of 30,000 
units a day is quite safe, but we now doubt tho advantage of these big doses 
because the pathology of osteoporosis is so different from that of osteo- 
malacia The question therefore arises whether it is worth while giving any 
vitamin D We think that it should be given because it is said to aid the 
absorption of calcium and phosphorus It is said to be most effective when 
the contents of the small intestine are acid We therefore think m the 
present state of our knowledge that the large doses of 30,000 i u probably 
had no specific value, but that small doses of 6,000 to 10,000 1 u may aid in 
the absorption of calomm and phosphorus and can do no harm 

If the osteoporosis is associated with steatorrhoea the fat intake should be 
as small as possible Full doses of calcium phosphate and vitamin D, say 
10,000 iu should be given, and treatment with ultra-violet bght may be of 
assistance 

Orthopaedic treatment Almost every patient was provided with a plaster 
bed for night use To this he was accustomed in hospital, beoause patients 
need help in acquiring tolerance and eventual addiotion For day use, 
a steel and leather spinal support was fitted m most cases, m the least 
severe, mechanical support was dispensed with, and the patient was pro- 
vided with merely a corset incorporating a light posterior frame to bridge 
the lumbar spine 

Results of treatment The clinical condition of our patients was greatly 
improved and the pam was reheved in nearly all We thought that this 
was due to the orthopaedic treatment, and doubted at one time because of 
the lack of change in the radiographs whether the medical treatment had 
been of any real value However, other workers have reported that improve- 
ment' occurred when medioal treatment alone was employed We now 
realize that the time necessary for any obvious changes m the radiographs 
is much greater than we had expected, and we therefore beheve that medical 
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treatment with caloium phosphate and moderate doses of vita m in D shonld 
always be used in addition to orthopaedic treatment This question will be 
settled when a sufficient period of time has elapsed for observation 

Summary 

1 A senes of 20 patients with spinal osteoporosis of unknown ongm has 
been observed between 1939 and 1943 

2 The osteoporosis is most marked in the lower part of the back where 
secondary deformity of the vertebrae occurs Patients who did not show 
deformity of the spine are not included m our senes Pelvic deformity such 
as occurs m puerperal osteomalacia was absent 

3 The symptoms, signs, and radiological appearanoes are characteristic 

4 The clinical and pathological changes are different from those of 
osteomalacia 

6 The possible causes of the condition are discussed, but no one factor 
can be incriminated 

6 The symptoms can be relieved by treatment, but an increase in the 
calcification of the affected vertebrae was not demonstrated radiographically 

We wish to express thanks to those who have allowed us to use their 
cases, Dr Gordon Holmes, Dr A E Gow, Mr L R Broster, Mr S L Higgs, 
Dr E Arnold Carmiohael, Dr James Maxwell, Dr E P Soowen, Dr P Avery 
Jones, and Dr C M Fletoher , to those who have earned out pathological 
investigations, notably Professor G Hadfield, Dr W W Kay, Dr H E. 
Archer, Dr J N Cummgs, and Dr A Jordan , to those who have helped to 
secure satisfactory radiographs in these difficult cases, particularly Dr G 
Loughborough and Dr G Simon , to Mr E W Godding for dark adaptation 
tests , to Mr David Morse and to numerous House Officers for much generous 
help , to several Dietitians, notably Miss Chalmers and Mrs Newman , to 
Mr Victor Willmott for the illustrations, and to Miss Monshall for secretanal 
help We are indebted to Professor Hadfield, Dr W W Kay, and Dr Donald 
Hunter for much assistance 
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3 Lowest thoracic and upper four lumbar vertebrae, showing 
onca\it> of the osteoporotic vertebral Ixidies and ‘hissing’ 
spinous processes 


Fio 4 Lumbar spine, showing bi com 
of the \ ertebral bodies winch arc osteopc 
but show greater densitj where thoj ndjc 
inters ertobral disks 
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Fio T Tracings from radiographs of the ltmilmr spine of n of o'-too 
porosis examined nt an inlmiil of IT months Ti h wsipmg from softening 
ofeneh sorb hm as n whote isissinlislbs tin nmrU sinala r mti rvnl« Ivnupon 
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Fig 9 Junction of vertebral bodv (abov e) and intervertebral disk (below) (A) normal senile spine, 
(B) the spine from the first post mortem examination In the former, the cartdage plate separating the rest of 
the interr ertebral disk from the vertebral bodv is well developed and is in contact with the verj thm 
cortex of the end of the v ertebral body In the pathological spme, the cartdage plate is diminished and 
the adjacent cortex absent An intermediate condition was seen m the specimen from the other post-mortem 

case (X28) 
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, RENAL FUNCTION AND PROGNOSIS IN BENIGN 
HYPERTENSION 1 

Br MURRAY McGEORGE 

(From the Department of Medicine, University of Otago, New Zealand) 

It is customary to divide essential hypertension into two forms, malignant 
and benign The exact separation between these is to a large extent 
a matter of degree and definition, but it would be generally accepted that 
the malignant cases include those in which the progressive increase in blood- 
pressure takes place more rapidly, and renal, ocular, and cardiac compli- 
cations occur at a comparatively early stage Signs of renal impairment 
make their appearance, with low, fixed unnary specific gravity, nitrogen 
retention in the blood, and moderate or severe impairment m renal con- 
centrating power Albuminuria is present and may be marked, while blood 
may also be present in the urine In the benign form, on the other hand, 
though death frequently results at a much later stage from failure of the 
cardiovascular system, patients may live to an advanced age and die of 
unrelated disorders Benign hypertension may continue for many years 
without evidence of appreciable renal failure Since pathological changes 
are gradually taking place in the arterioles and glomeruli of the kidney, it 
is likely that with the passage of time gradual impairment m renal funotion 
may occur In the present paper the observations made on the renal 
function m hypertension have been confined to cases which, it is felt, would 
be universally accepted as benign 

Fishberg (1939) Btated that in essential hypertension Van Slyke’s urea 
clearance is most often within normal limits , by far the larger proportion of 
patients can concentrate urrne to a specific gravity of about 1026, while the 
urea concentration test of MacLean and de Wesselow (1918, 1920) gives 
similar satisfactory results He noted, however, that m one group of patients, 
generally older persons in whom there was evidence that hypertension had 
existed for many years, arteriolosclerotic foci had become so numerous, and 
had coalesced with one another to so great an extent, that very little 
functioning parenchyma was left, apparently too little to maintain adequate 
excretion He had observed a few cases of this type over a long period, and 
presumed, from the nature of the anatomical process, that the impairment 
in renal function which had occurred developed very slowly It is of interest, 
therefore, to determine the nature of any defects in renal function which 
may occur m benign hypertension, and at what stage they make their 
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urea This value was found to be greater than 2 0m practically all normal 
subjects, provided the diet had not been very poor in chloride, and less than 
2 0m practically all cases of Bnght’s disease, even m cases where the per- 
centage of urea rose to a normal level It was found that this test revealed 
a higher percentage of defects than was shown by the urea concentration 
test m the early stages of conditions which ultimately cause renal damage, 
such as infective endocarditis, diabetes melhtus with albuminuria, prostatio 
obstruction, and hydronephrosis Since, therefore, the test shows normal 
function in practically all normal subjects, and also shows a high percentage 
of deficiencies among patients who are known finally to develop renal defects 
from various causes, it is fair to assume that the test is one which detects 
functional impairment at an early stage Out of sis cases with hypertension 
without congestive failure, Smirk found that m four the renal function was 
below the normal level, and in only one case was the renal function clearly 
normal as judged by this test In the present investigation this work has 
been continued, and has been extended with special reference to the rela- 
tionship in non-hypertensive and hypertensive subjects between the renal 
function and the age of the patient 

Method 

Renal function tests were carried out as follows The subject had nothing 
to eat or dnnk after the evening meal of the previous day. Atfiam he 
emptied the bladder, and had a light breakfast consisting of one egg, one or 
two slices of bread and butter, and one oup of milk or water At 9 a m 
15 gm. of urea were taken dissolved m one cup of water (100 o c m the 
original test) The bladder was emptied at 9 am, and then at hourly 
intervals until 2pm The percentage of urea was estimated by the hypo- 
bromite method using 5 o c of urine and correcting for temperature, and the 
percentage of chloride, expressed as sodium chloride, by the method of 
Volhard (Cole, 1933). 

Selection of Subjects 

All subjeots studied satisfied certain criteria No patient with a history of 
nephritis or other kidney disease was included In every case the urine was 
free from albumin on personal testing, and in m-patients on routine ward 
tests as well There was no oedema or venous congestion, or other evidence 
of cardiac failure, nor, clinically, of renal disease The majority were re- 
ceiving full normal diets, and none had had his chloride intake restricted 
prior to the test In several cases m which low urinary chloride concentra- 
tions were recorded the plasma-chloride showed little or no reduction below 
the normal level Patients receiving diotetio treatment for peptic ulcor were 
excluded The accepted blood-pressure was the lowest casual (ns distinct 
from basal) pressure obtained m a senes of observations taken personally 
over a penod of a few minutes with the patient at rest Two groups of 
subjects were studied 
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appearance This information should be of value m assessing the cluneal 
prognosis m a given case Foa, Woods, Peet, and Foa (1942) found that 16 
of 20 hypertensive patients between the ages of 20 and 45 years had urea 
clearances within normal limits, that is, over 75 per cent of normal 
Freyberg and Peet (1937) studied the renal function of patients between the 
ages of 21 and 55 years who were about to have bilateral splanohmcectomy 
performed for hypertension In the majority, the pre-operative blood-pressure 
was over 200 mm of mercury, and in many the urine contained albumin 
Of these, 23 out of 46 had a urea clearance above the lower limit of normal, 
and eight out of 47 were able to concentrate urine to a specific gravity of 
at least 1029 (Lnshmot and Newburgh, 1932, 1933) Corcoran and Page 
(1940) found that the maximum specific gravity attained was within normal 
limits (Addis and Shovky, 1022) in only 22 of 72 cases of hypertension, 
whereas normal values for urea clearance wero obtained m 60 Inuhn and 
diodrast clearance tests have recently been developed by Smith and his 
associates (Smith, 1939, Goldring, Chasis, Ranges, and Smith, 1941), m 
which it has been shown that in essential hypertension the diodrast clear- 
ance is genernllj’ decreased, while the inulin clearance remains substantially 
unaltered 

In hypertension, as in other diseases, Freyberg (1935) found that slight 
degrees of renal impairment were more likely to be revealed by tests de- 
pendent upon the concentrating power of the kidney than by other tests 
One of the simplest is the MacLean and de Wesselow urea concentration 
test It is of interest, however, to note the limitations placed upon this test 
by the authors in their original communications (1918, 1920) They state 
that if after receiving 15 gm of urea by mouth the patient excretes urine 
containing 2 per cent or more of urea ‘ it is safe to assume that the kidneys 
are at least fairly efficient’ This test was introduced after the war of 
1914-18 and was admirably adapted to its original purpose, the rapid 
examination of large numbers of soldiers It was never intended as a sensi- 
tive test for the recognition of slight departures from normal, although there 
has been a tendency to regard it as such, and to assume for it greater 
sensitivity than its authors originally claimed 

Smirk (1933, 1934) pointed out that greater precision m the recognition 
of slight grades of renal deficiency resulted if a study were made of the 
capacity of the kidneys to concentrate urea and sodium chloride simulta- 
neously The expression C + U/2 was suggested as a measure of renal 
concentrating power, where in a given specimen of urine passed m a four or 
five hour test after the ingestion of 15 gm of urea U is the urea percentage 
and C the chloride percentage expressed as sodium chloride This particular 
expression was chosen on the basis of the similarity of the molecular weights 
of urea and sodium chloride, on account of which the osmotic pressure in the 
urrne due to chloride and urea would be approximately equal to L (C + U/2) 
The value of C + U/2 which was used as the measure of renal funotion was 
that derived from the specimen containing the maximum concentration of 
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urea This value was found to be greater than 2 0 in practically all normal 
subjects, provided the diet had not been very poor m chloride, and less than 
2 0 in practically all oases of Bright’s disease, even m cases where the per- 
centage of urea rose to a normal level It was found that this test revealed 
a higher percentage of defects than was shown by the urea concentration 
test m the early stages of conditions which ultimately cause renal damage, 
such as infective endocarditis, diabetes melhtus with albuminuria, prostatic 
obstruction, and hydronephrosis Smce, therefore, the test shoWB normal 
function in practically all normal subjects, and also showB a high percentage 
of deficiencies among patients who are known finally to develop renal defects 
from various causes, it is fair to assume that the test is one which detects 
functional impairment at an early stage Out of six cases with hypertension 
without congestive failure, Smirk found that in four the renal function was 
below the normal level, and in only one case was the renal function clearly 
normal as judged by this test. In the present investigation thiB work has 
been contmued, and has been extended with special reference to the rela- 
tionship in non-hypertensive and hypertensive subjects between the renal 
function and the age of the patient 

Method 

Renal function tests were earned out as follows The subject had nothing 
to eat or drink after the evening meal of the previous day At 6 a m. he 
emptied the bladder, and had a light breakfast consisting of one egg, one or 
two slices of bread and butter, and one cup of milk or water At 9 am 
16 gm of urea were taken dissolved in one cup of water (100 com the 
ongmal test) The bladder was emptied at 9 am, and then at hourly 
intervals until 2pm The percentage of urea was estimated by the hypo- 
bromite method using 6 c c of unne and correcting for temperature, and the 
percentage of chloride, expressed as sodium chloride, by the method of 
Volhard (Cole, 1933). 

Selection of Subjects 

All subjects studied satisfied certain criteria No patient with a history of 
nephritis or other kidney disease was included In every case the urine was 
free from albumin on personal testing, and m in-patients on routine ward 
tests as well There was no oedema or venous congestion, or other evidence 
of cardiac failure, nor, ohnically, of renal disease The majority were re- 
ceiving full normal diets, and none had had his chloride intake restricted 
prior to the test In several cases m which low urinary chloride concentra- 
tions were recorded the plasma-chloride showed little or no reduction below 
the normal level Patients receiving dietetic treatment for peptic ulcer were 
excluded The accepted blood-pressure was the lowest casual (as distinct 
from basal) pressure obtained m a series of observations taken personally 
over a period of a few minutes with the patient at rest Two groups of 
subjects were studied 
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(1) Those with normal oasual blood-pressnres, that is, not over 145 systolic, 
90 diastolic These wore hospital in-patients or out-patients suffering from 
conditions such as sciatica, fibrositis, asthma, or osteoarthritis, disabilities 
whioh would be unlikely to influence renal function 

(2) Hypertensives, with casual blood-pressures over 170 systolic, 100 dia- 
s toll o The majority of these wore m-patients, while the remainder were 
army recruits referred for investigation by medical boards after the discovery 
of hypertension in routine examinations 

Some of the m-patients had been admitted on account of conditions such 
ns thoso enumerated in (1) above, and had been found on routine physical 
examination to have an elevated blood-pressure Others were known hyper- 
tensives, and had been admitted complaining of symptoms such as headaohe, 
fatiguo, shght dyspnoea, hemiplegia, or transient weak or giddy turns, 
symptoms which, though common in themselves and occurring not infre- 
quently in patients who are found to have a high blood-pressure, are yet 
unlikely to have any direct association with kidney disease The occurrence 
of these symptoms is not inconsistent with the diagnosis of benign hyper- 
tension Caro has been taken to exclude any patient suffering from malignant 
hypertension, and reference to hospital records covering any re-a'dmissions 
during periods of a few months up to two years subsequent to the deter- 
mination of renal function shows that while three patients had died, one 
from rupture of an aneurysm of the Cirolo of Wilks and two from cerebral 
thrombosis, no patient was known to have developed progressive renal 
disease during this period 


Results 

Renal funotion tests were earned out on 62 subjects with normal blood- 
pressures, whose ages ranged from 1C to 80 years, and on 75 with hyper- 
tension, from 24 to 71 years of age In each case the maximum concentration 
of urea attained during the course of the test, the concentration of sodium 
chlonde occumng in the speoimen of urine containing the maximum con- 
centration of urea (henceforth referred to as ‘ corresponding chloride’), and 
the value of C + U/2 calculated from these figures, have been plotted against 
the age of the subject concerned (Figs 1 to 6) 

Renal function in non-hypertensive and hypertensive subjects, irrespective of age 
Subjects with normal blood-pressures The 62 subjects with normal blood- 
pressures were all able to concentrate urea to at least 2 0 per cent In 67 of 
these (92 per cent ) the value of C-f U/2 was 2 0 or greater, while in the 
remaining five, all elderly patients, values between 1 6 and 2 0 were recorded 
These results correspond closely with those obtained by Smirk, who found 
that in 30 out of 32 normal subjects the value of C + U/2 was at least 2 0 
It therefore appears that for this test the value 2 0 may reasonably be 
regarded as the dividing point between normal and impaired function J.ne 
, fa , +w nn occasional patient who on clinical grounds was selected m 
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(1) Those with normal casual blood-pressures, that is, not over 145 systolic, 
90 diastolic These wero hospital in-patients or out-patients suffering from 
conditions such as sciatica, fibrositis, asthma, or osteoarthritis, disabilities 
which would be unlikely to influence renal function 

(2) Hypertensives, with casual blood-pressures over 170 systolic, 100 dia- 
stolio The majority of these wore in-patients, while the remainder were 
army recruits referred for investigation by medical boards after the discovery 
of hypertension m routine examinations 

Some of the in-patients had boon admitted on account of conditions such 
as those enumerated m (1) above, and had been found on routine physical 
examination to have an elevated blood -pressnre Others were known hyper- 
tensives, and had been admitted complaining of symptoms such as headache, 
fatigue, slight dyspnoea, hemiplegia, or transient weak or giddy turns, 
symptoms which, though common in themselves and occurring not infre- 
quently in patients who are found to have a high blood-pressure, are yet 
unlikely to have any direct association with kidney disease The occurrence 
of these symptoms is not inconsistent with the diagnosis of benign hyper- 
tension Caro has been taken to exclude any patient suffering from malignant 
hypertension, and reference to hospital records covering any re-admissions 
during periods of a few months up to two years subsequent to the deter- 
mination of renal function shows that while three patients had died, one 
from rupture of an aneurysm of tho Circle of Wilbs and two from cerebral 
thrombosis, no patient was known to have developed progressive renal 
disease during this penod 


Results 

Renal function tests were earned out on 02 subjects with normal blood- 
pressures, whoso ages ranged from 10 to 80 years, and on 75 with hyper- 
tension, from 24 to 71 years of age In each case the maximum concentration 
of urea attained during the course of the test, the concentration of sodium 
chloride occurring in the specimen of urine containing the maximum con- 
centration of urea (heneeforth referred to as ‘ corresponding chloride ’), and 
tho value of C + U/2 calculated from these figures, have been plotted against 
the age of the subject concerned (Digs 1 to 6) 

Renal function in non-hypertensive and hypertensive subjects, irrespective of age 
Subjects with normal blood-pressures The 62 subjects with normal blood- 
pressures wero all able to concentrate urea to at least 2 0 per cent In 57 of 
these (92 per cent) the value of C + U/2 was 2 0 or greater, while m the 
remaining five, all elderly patients, values between 1 6 and 2 0 were recorded 
These results correspond closely with those obtained by Smirk, who found 
that m 30 out of 32 normal subjects the value of C + U/2 was at least 2 0 
It therefore appears that for this test the value 2 0 may reasonably be 
regarded as the dividing point between normal and impaired function ibe 
f an occasional patient who on olimoal grounds was selected ror 
study as a normal subject was found to have slightly impaired renal function 
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for suspecting that, within the age limits studied, regression with age is not 
uniform, straight lines have been fitted as the simplest hypothesis, while 
from the graphical data it appears that in each case a straight line does 
furnish a reasonable approximation to the true curve In all cases there is 
a negative correlation between age and renal function, indicating a pro- 
gressive impairment in function with increasing age This relationship is 
illustrated by the curves, which all slope downwards as the older age groups 
are approached The slopes, however, are different, but for each of the 
measures of renal function employed the slope is considerably steeper in 
hypertension than normal blood-pressure There is, indeed, no significant 
difference m function between young hypertensives and young normals, 
while at the age of 70 years the mean renal function (C + U/2) of hyper- 
tensive subjects has fallen off by 31 per cent of its value at 30 years, as 
against 10 per cent for non-hypertensives Differences of a similar order 
were also obtained when the maximum urea and the ‘ corresponding ohlonde ’ 
concentrations were studied separately 

The relationship between renal function and the presence or absence of symptoms 
frequently associated with hypertension . A distinction was made between cases 
m whioh hypertension was apparently symptomless, and those where symp- 
toms were present which might have been associated with this condition 
The relative number of patients with symptoms will naturally increase in 
the older age groups, but there were a few patients over 60 years of age 
admitted to hospital on account of other disabilities, in whom the presence 
of symptomless hypertension was discovered on routme examination Where 
patients were admitted on account of hypertension with its associated 
disabilities, the following were the leading symptoms of which they com- 
plained, and the frequency of occurrence of these symptoms 

Dyspnoea on exertion 9 cases 

Anginal pains 3 „ 

Headache and giddy turns 5 „ 

Transient hypertensive attacks 7 „ 

Hemiplegia {cerebral thrombosis) 8 „ 

Total 32 „ 

In 43 cases there were no symptoms directly associated with hypertension 
While it is impossible from tbe small number of cases to draw any conclusion 
regarding any individual symptom, it appears from a statistical analysis 
that there is no significant difference in renal function between the group of 
cases m which these symptoms considered as a whole were present, and 
those without symptoms 

Discussion 

The term renal function has a somewhat abstract and indefinite meaning, 
since the kidney is a complex organ performing simultaneously several 
functions, all of which are of importance to the well-being of the organism 
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ns judged by this standard, should not invalidate this statement, since it is 
not unlikoly from what follows that slight impairment in renal concentrating 
power may sometimes occur, especially m older subjects, m the absence of 
hypertension or albuminuria, or of other clinical evidence of renal disease or 
degeneration 

Subjects with benign hypertension In 02 of the 75 cases (83 per cent ) in 
winch the blood-pressure was elevated, a maximum concentration of at least 
2 0 per cent of urea was attained, a result consistent with the generally 
accepted statoment that in the majority of cases of hypertension the urea 
concentration test indicates satisfaotoiy renal funotion In only 41 cases, 
however (55 per cent ), did tho value of C + U/2 reach or exceed 2 0 If the 
assumption is correct that the value 2 0 does represent the lower limit of 
normal function in the case of both the urea and the urea + ohlonde con- 
centration tests, then it would appear that a higher mcidence of renal 
impairment has been demonstrated when renal funotion was assessed by the 
ability of tho kidneys to concentrate urea and ohlonde simultaneously than 
by their ability to concentrate urea alone In the accompanying table the 
values of C+U/2 in these cases of benign hypertension have been compared 
with thoso obtained in 94 normal subjects (Smirk’s and McGeorge’s cases) 
and m 60 cases of chrome nephntis (Smirk) Although m 44 per cent of 
cases of benign hypertension the renal function was below the values of 
C + U/2 obtained m the normal, m the majority the degree of impairment 
was shght, and no instances of severely impaired funotion was encountered 
In ohronio nephritis, on the other hand, the values of C + U/2 recorded were 
generally far below the normal range, indicating a more serious degree of 
renal impairment than that occurring m benign hypertension 


Comparison of Renal Function in Subjects with Normal Blood-Pressures, 
Benign Hypertension, and Chronic Nephntis 
Number of oases 


\ 


C+U/2 

Normal B -P 

Benign hypertension 

Chronic nephritis 

2 0 and oi er 

87 

41 

1 

1 C to 20 

7 

29 

16 

1 0 to X 6 

— 

5 

21 

0 6 to 1 0 

— 

— 

22 


"94 

75 

1)0 


The factor of age in relation to renal function m non-hypertensive and hyper- 
tensive subjects The relationship between the age of the subjeot and the 
renal function was investigated by a statistical analysis of the data presented 
Figs 1 to 6, the results of which are summarized in tabular form in the 
Annendix In' the Figures the lrnes AB are the curves of the regression 
r miations calculated from this analysis, and represent the means of the renal 
at r es as measured by the maximum urea and ‘corre- 
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concratot. area and ohlond. aunnltaneonaly In th, abaanc e of any g~«nd. 
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for suspecting that, within the age limits studied, regression with age is not 
uniform, straight lines have been fitted as the simplest hypothesis, while 
from the graphical data it appears that in each case a straight line does 
furnish a reasonable approximation to the true curve In all cases there is 
a negative correlation between age and renal function, indicating a pro- 
gressive impairment m function with increasing age This relationship is 
illustrated by the curves, which all slope downwards as the older age groups 
are approached The slopes, however, are different, but for each of the 
measures of renal function employed the slope is considerably Bteeper m 
hypertension than normal blood-pressure There is, indeed, no significant 
difference m function between young hypertensives and young normals, 
while at the age of 70 years the mean renal function (C + U/2) of hyper- 
tensive subjects has fallen off by 31 per cent of its value at 30 years, as 
against 10 per cent for non-hypertensives Differences of a similar order 
were also obtained when the maximum urea and the ‘ corresponding chloride ’ 
concentrations were studied separately 

The relationship between renal function and the presence or absence of symptoms 
frequently associated with hypertension A distinction was made between cases 
in whioh hypertension was apparently symptomless, and those where symp- 
toms were present which might have been associated with tins condition 
The relative number of patients with symptoms will naturally morease in 
the older age groups, but there were a few patients over 60 years of age 
admitted to hospital on account of other disabilities, in whom the presence 
of symptomless hypertension was discovered on routme examination Where 
patients were admitted on account of hypertension with its associated 
disabilities, the following were the leading symptoms of which they com- 
plained, and the frequency of occurrence of these symptoms 


Dyspnoea on exertion 9 cases 

Anginal pains 3 „ 

Headache and giddy turns 6 „ 

Transient hypertensive attacks 7 „ 

Hemiplegia (cerebral thrombosis) S „ 


Total 32 „ 

In 43 cases there were no symptoms directly associated with hypertension 
While it is impossible from the small number of cases to draw any conclusion 
regarding any individual symptom, it appears from a statistical analysis 
that there is no significant difference in renal function between the group of 
cases in which these symptoms considered as a whole were present, and 
those without symptoms 


Discussion 

The term renal function has a somewhat abstract and indefinite meaning, 
since the kidney is a complex organ performing simultaneously several 
functions, all of which are of importance to the well-being of the organism 
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ns judged by this standard, should not invalidate this statement, since it is 
not unlikely from what follows that slight impairment m renal concentrating 
power may sometimes occur, especially in older subjects, m the absence of 
hypertension or albuminuria, or of other clinical evidence of renal disease or 
degeneration 

Subjects with benign hypertension In 02 of the 75 cases (83 per cent ) m 
which the blood-pressure was elevated, a maximum concentration of at least 
2 0 per cent of urea was attained, a result consistent with the generally 
accepted statement that m the majority of cases of hypertension the urea 
concentration test indicates satisfactory renal function In only 41 cases, 
however (55 per cent ), did the value of C + U/2 reach or exceed 2 0 If the 
assumption is correct that the value 2 0 does represent the lower limit of 
normal function in the case of both the urea and the urea + ohloride con- 
centration tests, then it would appear that a higher incidence of renal 
impairment has been demonstrated when renal function was assessed by the 
ability of the kidneys to concentrate urea and chloride simultaneously than 
by their ability to concentrate urea alone In the accompanying table the 
values of C + U/2 in these cases of benign hypertension have been compared 
with thoso obtained m 94 normal subjeots (Smirk’s and McGeorge’s cases) 
and in CO cases of chrome nephritis (Smirk) Although in 44 per cent of 
cases of benign hypertension the renal function was below the values of 
C + U/2 obtamed in the normal, in the majority the degree of impairment 
was shght, and no instances of severely impaired function was encountered 
In chrome nephritis, on the other hand, the values of C + U/2 recorded were 
generally far below the normal range, indicating a more senous degree of 
renal impairment than that occurring in benign hypertension 

Comparison of Penal Function in Subjects with Normal Blood-Pressures, 
Benign Hypertension, and Chronic Nephritis 




Number of cases 





V 

C+U/2 

Normal B -P 

Bemgn hypertension 

Chromo nephritis 

2 0 and over 

87 

41 

1 

1 6 to 2 0 

7 

29 

16 

1 0 to 1 5 

— 

5 

21 

06 to 10 

— 

— 

22 


li 

76 

lo 


The factor of age in rdatton to renal function m non-hypertensive and hyper- 
tensive subjects The relationship between the age of the subject and the 
renal function was investigated by a statistical analysis of the data presented 
Figs 1 to 6, the results of which are summarized m tabular form m the 
Appendix In the Figures the lrnes AB are the curves of the regression 
e filiations calculated from this analysis, and represent the means of the renal 
f 1 . _ t va rymg ages, as measured by the maximum urea and corns- 
conc.mtot.oB., and by tbe .bd.ty of the bdney. to 
concentrate nrea and chlonde mnnltaneonaly In the absence of any ponnd. 
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increasing age, the decline in the value of C + U/2 over the 40 year period 
from 30 to 70 years being 11 per cent of the mean value at 30 years A high 
incidence of renal impairment with increasing age was reported in normal 
men by Lewis and Alvmg (1938), who on the basis of urea clearance and 
blood urea nitrogen tests recorded a decline of 46 per cent over a 60 year 
period, that is, 35 per cent over 40 years Since, however, no record is 
published of blood-pressure readings or of the results of unne analysis, 
it is possible that part at least of this effect may have been due to the 
presence of hypertension or albuminuria, conditions which occur more 
frequently among subjects in the older age groups, and themselves may be 
associated with impaired function 

The mean renal function of young hypertensives was not significantly 
different from that of young normal subjects, while detailed analysis of the 
hour to hour changes m the concentrations of urea and chloride after 
ingestion of urea showed that the response on the part of both groups was 
essentially similar It thus appears that young hypertensive subjects show 
no appreciable impairment of renal function as compared with subjects of 
the same age group with normal blood-pressures The average renal function 
of normal subjects decreased gradually with increasing age, but with hyper- 
tensive subjects this regression with age was considerably accelerated In 
the 40-year period from 30 to 70 years the rate of decline m concentrating 
power (C+U/2) was 31 per cent of the mean value at age 30, that is, 
approximately three times as great as the decline with normal blood-pressure 
A similar relationship also held in the case of the urea and the chloride 
concentrations considered independently It seeniB, therefore, that benign 
hypertension is not necessarily associated with recognizable renal impairment, 
especially among patients in the younger age groups, but that impairment 
may develop later, after hypertension has presumably been present for some 
considerable period In all cases of benign hypertension, however, impair- 
ment if it occurs is of comparatively mild degree, and consequently in any 
individual case severe impairment is likely to be an indication of the 
presence of some complicating factor A certain number of middle-aged 
and elderly hypertensive subjects were found to have renal functions within 
the normal range, but it is probable that in some instances these results 
would represent a fall below a previous higher level which would have been 
obtained had the test been earned out when the individual was younger 


Summary 

1 A companson has been made between the renal function of 62 healthy 
subjeots with normal blood-pressures, whose ages ranged from 10 to 80 years, 
and that of 75 subjects with benign hypertension, from 24 to 71 years of age 
In other respects these two groups were as nearly comparable as possible, 
and in particular no patient with albuminuria, venous congestion, or past or 
present evidence of renal disease was included 
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When the kidney is d (imaged renal function becomes depressed, and to 
measuro this depression quantitatively tests are applied which estimate the 
efficiency with which one or other of the specific functions of the kidney 
is earned out The three types of function most commonly selected for 
measurement are (1) tho concentrating power of the kidney, (2) its elimi- 
nating power (for example, the phenol-sulphoncphthalem test), and (3) its 
ability to clear tho plasma of some endogenous or exogenous substance It 
is likoly tbat m the early stages of most renal disorders one type of function 
of the kidney will bo depressed before others Gross damage will be revealed 
by any test, but minor departures from normal may not be revealed simul- 
taneously by all tests It is necessar 3 r , therefore, to select a test dependent 
upon a funotion which is known to undergo early impairment Comparable 
results nro not even then always obtained from closely related tests of simi- 
lar type For example, m hypertension the diodrast clearance is reduced, 
but the mulin clearance remains materially unaltered (Smith, 1939), while 
different results again may bo obtained for the clearances of urea and 
creatinine In investigations of such a condition as essential hypertension, 
therefore, the incidence of renal impairment as determined by different 
observers is likolj’- to vary, depending, among other factors, upon the type of 
test employed, the criteria of normality accepted, and the method adopted 
in selecting the cases 

In tho present investigation a comparison has been made between the 
renal functions of two groups of subjects, one with normal blood-pressures, 
and the other with benign hypertension In other respects these two groups 
wore as nearly comparable as possible, and m particular no patient with 
albuminuria, venous congestion, or past or present clinical evidence of renal 
disease was included It was thus hoped to obtain data concerning the 
effect upon the renal function of hypertension uncomplicated by other factors 

Renal function was assessed by determining the ability of the kidneys to 
concentrate urea, and also urea + chloride simultaneously, after ingestion 
of 16 gm. of urea In the hypertensive group it was found that 83 percent 
of patients were able to concentrate urea to at least 2 0 per cent , while in 
only 66 per cent did the value of C-f U/2 reach or exceed 2 0 The additional 
sensitivity of the latter test over the urea concentration test arises from the 
inclusion of the chloride percentage, which is a more sensitive index of 
slight degrees of renal impairment than is the maximum urea percentage 
Statistical analysis of the data presented in Figs 1 to 6 shows that the 
correlation between age and renal function and the decline of function with 
age based upon C + U/2 are both numerically higher than the corresponding 
values derived from urea concentration tests, while, on the other hand, the 
coefficient of variation is less for C + U/2 than for urea Teste of probability 
also show that greater significance may be attaohed to results calculated 
from the value of C + U/2 than from the concentration of urea 

It was found that in apparently healthy subjects with normal biood- 
pressure slight impairment m renal concentrating power occurred with 
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APPENDIX 

Summary of statistical analysis of data presented in Figs 1 to 6 

Table I 

Relationship between Age and Renal Function \n Subjects with 
Normal Blood-pressures 

Renal funotion as estimated by 


Correlation coefficient be- 
tween age and renal 
function 
Probabibty (P) 

Regression equation 
(A - age in years) 
Decline between ages 30 
and 70 years (percentage 
of mean at 30 years) 


Maximum urea 
percentage 
-0185 


018 

U - 3 28—0 0049 A 
gm per 100 c o 
67% 


‘ Corresponding 
chloride’ percentage 
-0 37 


C+U/2 
-0 38 


<0 001 

C- 0946-0 0037 A 
gm per 100 c c 
17 7% 


<0 001 

C+U/2 - 2 69 
-0 0061 A 
104% 


Table II 


Rdahonsliip between Age and Renal Function m Hypertensive Subjects 

Renal funotion as estimated by 


Correlation coefficient be- 
tween age and renal 
funotion 
Probabibty (P) 

Regression equation 
(A - age m years) 
Decline between ages 30 
and 70 years (percentage 
of mean at 30 years) 


Maximum urea 
percentage 
-0 25 

0 021 

U - 3 17—0 011 A 
gm per 100 c c 
16 6% 


' Corresponding 
chloride’ percentage 

-0 77 


C + U/2 
-0 69 


<0 001 

C- 1413-0 0133 A 
gm per 100 o c 
62 5% 


<0 001 

C + U/2 - 2 97 
-0 0184 A 
30 6% 


In these taoles the numerical value of P inchoates the degree of proba- 
bility that the correlation coefficient as calculated might have arisen through 
the chance fluctuations of random sampling There is thus an IS per cent 
chance that a numerical value as high as or higher than - 0 166 might 
have been obtained as the correlation coefficient between age and maximum 
urea concentration in non-hypertensive subjects, even although no real 
correlation aotually existed The correlation coefficients between age and 
renal funotion as assessed by ' corresponding chloride ’ concentration and by 
C + U/2 are, on the other hand, highly significant, since there is in each 
case less than one chance m 1 ,000 that such a result could have arisen by 
chance 


(Q.J 11 Xow S«tlM l\o 55) 
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2 Renal function was assessed by studying the concentrations of urea 
and chloride m the urine after ingestion of 16 gm of urea The capacity of 
the kidneys to concentrate urea and chloride simultaneously is conveniently 
expressed by the formula C + U/2, where U is the maximum percentage of 
urea and C tho percentage of chloride, expressed as sodium chloride, occur- 
ring m tho speoimen of urine containing the maximum percentage of urea 
It has been shown that slight degrees of renal impairment are more readily 
detected by the use of this expression than by the simple urea concentration 
test 

3 The average renal function, determined as above, was not significantly 
different in young subjects, whether hypertensive or not 

4 With increasing age a decline occurred m tho renal concentrating 
power, which was approximately three times as great in the elderly hyper- 
tensive group os in the elderly non-hypertensive group 

5 The degree of impairment commonly occurring in benign hypertension 
is comparatively slight, and no cases with severely impaired function, such 
as occurs m chronic nephritis, were encountered 

0 Even in elderly subjects with benign hypertension the concentrating 
capacity of the iadnoys may be within normal hunts, but in some instances 
this would probably represent a fall below a higher level whioh would have 
been obtained when tho individual was younger 

7 There was no significant relationship between impaired concentrating 
capacity (m the absence of albuminuria) and the presence or absence of 
symptoms such as headache, dizzy attacks, or cerebral thrombosis, which 
are frequently associated with benign hypertension 

8 Although tho decline m renal function with advancing years can he 
demonstrated by either the urea or the chloride percentages, there is statis- 
tical evidence that the value of the expression C + U/2 provides a more 
accurate index of this decline m both non-hypertensive and hypertensive 
individuals 

This work was done during the tenure of an Emily Johnston Research 
Scholarship, University of New Zealand. I am indebted to the Physicians of 
the Dunedin Hospital for permission to study cases under their care, to 
Professor F H Smirk for valuable advice and assistance, and to Mr J W 
Williams, Department of Economics, and Dr H D Purves, Goitre Research 
Department, University of Otago, for help with the statistical analysis 
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A THERAPEUTIC TRIAL OF PENICILLIN IN INFECTIVE 
CONDITIONS OF THE SKIN 1 

By J H TWISTON DAVIES, KENDAL DIXON, and C H STUART- 

HARRIS 

With Plate 10 

Certain skin diseases usually attributed to infection by pyogenic cocci are 
an important cause of disability in the Army Such conditions include 
impetigo and seborrhoeic dermatitis, which are relatively common, and sycosis 
barbae, ecthyma, and furunculosis, which are rarer In spite of the known 
association of Slr&ptococcus pyogenes and Staphylococcus pyogenes with these 
conditions, the exact role of bacteria m the aetiology of at least some of them 
was not clearly defined when chemotherapy with bacteriostatic compounds 
was first attempted Favourable therapeutic results were obtained with 
sulphonamide compounds both m children (Steigman, 1942 , Harris, 1943) 
and adults (Bigger and Hodgson, 1943, 1944 , Sheehan and Fergusson, 1943) 
However, the unfortunate effeots of sensitization which may follow the appli- 
cation of sulphonamide compounds to the skin have limited their use, and 
when pemcdhn became available for tnal m skin diseases it was hoped that 
it might prove even more effective and that its use would not lead to un- 
pleasant sequelae Roxburgh, Christie, and Roxburgh (1944) reported that 
penicillin omtment was effective in the treatment of impetigo and that 
sycosis barbae, blepharitis, and even eczema which had become secondarily 
infected, also responded favourably Taylor and Hughes (1944), using a spray 
of penicillin solution on the skin, also obtained good results in impetigo and 
sycosis barbae in soldiers Both groups of workers noted the resistance of an 
underlying seborrhoeic state to penicillin, and Taylor and Hughes found that 
penicillin-resistant strains of staphylococci could often be recovered from the 
lesions after treatment with penicillin Treatment of skin infections with 
penicillin spray was therefore actively pursued at a Military Hospital for 
Skm Diseases, but though the results appeared promising and a considerable 
Bavrng of time spent in hospital was claimed, the difficulty of assessment of 
therapy in conditions known to be self-limiting in character made it necessary 
to organize a properly controlled trial The correlated clinical and bacterio- 
logical studies described m the present paper were therefore planned as part 
of a therapeutic tnal and were designed to elucidate as far as possible the 
factors responsible for success or failure m individual patients Clinical 
observations were made by J H. T D , bactcnological studies v, ere earned 
out bj K D, and the research v, as directed by C H S -H. 

1 Received August 2, 1045 
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A THERAPEUTIC TRIAL OF PENICILLIN IN INFECTIVE 
CONDITIONS OF THE SKIN 1 

By J H TWISTON DAVIES, KENDAL DIXON, and C H STUART- 

EARRIS 

With Plate 10 

Certain skm diseases usually attributed to infection by pyogenic cocci are 
an important cause of disability in the Army Such conditions include 
impetigo and seborrhoeio dermatitis, which are relatively common, and sycosis 
barbae, ecthyma, and furunculosis, which are rarer In spite of the known 
association of Streptococcus pyogenes and Staphylococcus pyogenes with these 
conditions, the exact role of bacteria in the aetiology of at least some of them 
was not clearly defined when chemotherapy with bacteriostatic compounds 
was first attempted Favourable therapeutic results were obtained with 
sulphonamide compounds both m children (Steigman, 1942, Harms, 1943) 
and adults (Bigger and Hodgson, 1943, 1944 , Sheehan and Eergusson, 1943) 
However, the unfortunate effects of sensitization which maj r follow the appli- 
cation of sulphonamide compounds to the skin have bmited their use, and 
when penicillin became available for trial in skin diseases it was hoped that 
it might prove even more effective and that its use would not lead to un- 
pleasant sequelae Roxburgh, Christie, and Roxburgh (1944) reported that 
penicillin ointment was effective in the treatment of impetigo and that 
sycosis barbae, blepharitis, and even eczema which had become secondarily 
infected, also responded favourably Taylor and Hughes (1944), using a spray 
of penicillin solution on the skm, also obtained good results in impetigo and 
sycosis barbae in soldiers Both groups of workers noted the resistance of an 
underlying seborrhoeio state to penioilim, and Taylor and Hughes found that 
penicillin-resistant strains of staphylococci could often be recovered from the 
lesions after treatment with penicillin Treatment of skm infections with 
penicillin spray was therefore actively pursued at a Military Hospital for 
Skm Diseases, but though the results appeared promising and a considerable 
saving of time Bpent m hospital was claimed, the difficulty of assessment of 
therapy in conditions known to be self -limiting in character made it necessary 
to organize a properly controlled trial The correlated clinical and bacterio- 
logical studies described m the present paper were therefore planned as part 
of a therapeutic trial and were designed to elucidate as far as possible the 
factors responsible for success or failure m individual patients Clinical 
observations were made by J EL T D , bacteriological studies were earned 
out by K D , and the research was directed by C H S -H 

1 Received August 2, 1046 
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Selection and Nature of Gltntcal Material 
The ohnical material comprised a good oross-seotion of the common types 
of skm disease of a predominantly infective nature found m soldiers m home 
and overseas stations Efforts were indeed made to transfer patients with 
impetigo to the hospital from elsewhere, but the majority of the cases were 
admitted directly from units or from reception stations Most patients had 
been ill for one to two weeks prior to the commencement of controlled 
therapy At an early stage of the investigation, it was found that some 
patients responded rapidly to pomcillm and others did not Every effort was 
therefore made to categorize the patients on a constitutional and historical 
basis and to delineate clinical varieties Five cbnical types (see Plate 10) were 
discerned and the following brief description of these includes the numbers 
encountered among the 182 patients whose treatment is considered below 
Annular impetigo (17 cases) Cases in whioh a bulla vrab the essential lesion 
and healing occurred centrally at the same time as the periphery extended 
„ centrifugally The disease appeared to correspond with the type tradition- 
ally referred to by dermatologists ns ‘staphylococcal impetigo’ (Fox, 1864, 
Lowandowsky, 1 922) Lesions usually occurred on the face, but might also be 
present on the trunk or limbs 

Stgilhform impetigo (12 cases) Cases with lesions consisting of ‘stuok-on’ 
dried crusts of exudate on a reddened infiltrated base and corresponding to 
the ' stroptococcal impetigo ’ of Lowandowsky’s classification Lesions were 
frequently present on the eyebrows, the mid-lme of the back of the neck, 
and the scalp 

Ecthyma (16 cases) Crusted lesions on the extremities of an ulcerative 
type which occurred either spontaneously or as a complication of scabies 
At times, ecthyma-like lesions on the extremities were found m patients with 
sigilliform impetigo and, rightly or wrongly, such cases were included in the 
group with ecthyma only 

Furunculosis (6 cases) Cases with multiple furuncles 
Imptiigimzed seborrhoea and seborrhoetc dermatitis (132 cases) This group 
of conditions comprised by far the largest number of patients referred for 
treatment and undoubtedly constitutes the essential problem of infective 
skm disease in the Army Although it was at first thought that patients 
with lesions of an undoubtedly seborrhoeic character could readily bo distin- 
guished from others with impetigo, it became more and more difficult as the 
investigation proceeded to draw sharp lines of differentiation All oases in 
which the lesions were not strictly monomorphous, but inoluded erythematous, 
macular, or papular rashes, pustules, diffuse scaling, eczematoid vesioulation, 
or diffuse superficial exudation were therefore grouped m this category 
Cases with impetigo-hke manifestations but with soaly, erythematous, or 
exudative lesions elsewhere, or whioh developed seborrhoeic lesions after 
healing of an impetigo, and cases of infective dermatitis of the digits were 

also inoluded 
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Bacteriological Findings 

Prior to the commencement of therapy, a senes of aerobic cultures was 
made by direct plating of exudate which oozed from the lesions after removal 
of the surface orust or by cultivation after moistening with broth if the skin 
was dry Specimens were taken from both sides of the face or body where 
the two sides received different therapeutic applications, and in a limited 
number of cases from the anterior nares and from an unaffected area of skin 
on the chest or on the side of the nose Primary cultures were made on 
5 per cent horse blood agar and also on a similar medium containing 
1 600,000 crystal violet (Garrod, 1942) for the isolation of haemolytic 
streptococoi Subcultures from single colonies were made in the form of 
linear streaks on a nutrient agar containing 25 per cent human plasma 
(Penfold, 1944) A strip of filter-paper moistened with pemoilhn solution 
containing 25 Oxford units per c c was then applied at right angles to these 
linear mocula This technique, which was suggested by Major S T Cowan, 
EAMC, permitted simultaneous observation of pemoilhn-sensitivity and 
ooagulase production The majority of cases were re-examined after 3, 7, 14, 
and 21 days of treatment and finally on discharge In cases receiving peni- 
cillin, specimens taken during the period of therapy were cultivated on 
media to which pemoillinase (Duthie, 1944) had been added In addition to 
the record thus obtained of the aerobic flora of the lesions before, during, 
and after treatment, it was hoped that the examination of the relative 
sensitivity to pemoilhn of the organisms thus recovered would illuminate the 
response to therapy As well as producing coagulase, some of the strains of 
Staphylococcus pyogenes isolated formed a diffusible fibrinolytic agent (fibnno- 
lysin), which later dissolved the halos initially produced by coagulase 
activity "round the growths on plasma sugar Streptococcal typing to deter- 
mine the Lanoefield group was undertaken in 24 strains of haemolytic 
streptococoi Twenty-three belonged to Group A and one was Group C The 
majority of the haemolytic streptococci were probably of Group A as found 
by Bigger and Hodgson (1943) m strains from cases of impetigo 

Tables I and II indicate the bacteriological findings before, during, and 
after treatment m 200 cases classified without reference to the type of 
therapy Coagulase-positive staphylococci ( Staphylococcus pyogenes ) and 
^-haemolytic streptococci predominated and accounted for the flora in 
most cases before treatment Coagulase-negative staphylococci, Streptococcus 
xnndans, diphtheroids, and cohform organisms were occasionally present, 
but were numerically unimportant The relationship between the type of 
flora and the clinical classification is shown in Table I There appeared 
to be a relationship between the flora and the character of the lesions in 
cases of impetigo, which supported the traditional classification of staphylo- 
coccal and streptococcal varieties Whereas the annular or circmate lesions 
usually yielded staphylococci only, those of the sigilliform variety yielded 
both staphylococci and streptococci There was, however, no evidence to 
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support the contention of Bigger and Hodgson (1944) that the haemolytic 
streptococcus is a secondary invader of the lesions of impetigo Fresh crusted 
lesions as often yielded haemolytic streptococci as did more aged lesions, and 
haemolytic streptococci rarely appeared in lesions at a second examination 
when they were absent initially Table II indicates the remarkable degree 


Table I 

Relationship of Bacterial Flora to Olxmcal Classification 


Clinical group 

Staphy- 

lococcus 

pyogenes 

alone 

Haemolytic 

streptococci 

alone 

Both staphy- 
lococci and 
haemolytic 
streptococci 

Neither 
slaphylococoi 
nor haemo- 
lytic strepto- 
cocoi 

Total 

Annular impotigo 

17 

0 

2 

0 

19 

Sigilliform impetigo 

0 

0 

18 

0 

18 

Ecthyma 

0 

6 

6 

0 

11 

Furunculosis 

4 • 

0 

0 

0 

4 

Impetigimzed sobor- 
rhoea and sebor- 
rlioeic dermatitis 

81 

0 

66 

1 

148 

Total 

102 (61 %) 

6 (3 %) 

91 (46 6 %) 

1 (0 5%) 

200 


Table II 

Bacterial Flora Before, During, and After Therapy 



Initially 

Up to 14 days 
of therapy 

After 14 days 
or more of 
therapy 

Healed skm on 
sites of lesions 

Numbers of oases examined 

200 

156 

40 

81 

Percentage incidence of 
Staphylococcus pyogenes 

97 

70 

69 

66* 

Percentage incidence of 
haemolytic streptococoi 

42 

22 

36 

lit 


* If cases in which only a very scanty growth was obtained are excluded, this figure 
becomes 40 

f Only a scanty growth of haemolytic streptococci was usual from the healed skin 


of persistence of the cocci m the lesions of those cases in which repeated 
cultivation was performed This matter will be discussed later m relation to 
the response to therapy The examination of unaffected areas of skin indi- 
cated an abnormally high oamer rate for Staphylococcus pyogenes, but not 
for haemolytic streptococci The skin of the chest yielded staphylococci in 
33 of HI cases and that of the side of the nose in no less than 50 of 83 cases 
These earner rates of 30 and 60 per cent are higher than those recorded and 
reviewed by Miles, Williams, and Clayton-Cooper (1944) for the skm of 
normal subjects, in whom the maximum rate was 24 per cent On the other 
hand only two of 111 chest swabs and nine of 83 swabs from the outside of 
the nose yielded haemolytic streptococci, and carrier rates of up to 10 per 
cent have been recorded for haemolytic streptococci by some workers (Hare, 
1941) The swabs from the interior of the nose yielded normal earner rates 
for Staphylococcus pyogenes, but an abnormally high incidence of haemolytic 
streptococoi Thus 49 of 120 cases yielded nasal staphylococci, which is 
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slightly lower than m the normal population examined by Miles, Williams, 
and Clayton-Cooper (1944), who found a mean carrier rate of 47 4 per cent 
Eight of 120 swabs yielded haemolytic streptococci and this incidence con- 
trasts with the mfrequenoy of nasal as opposed to nasopharyngeal carnage 
of streptococoi in normal persons (Straker, Hill, and Lovell, 1939) 

The bactenological findings may thus be summarized by the statement 
that the Staphylococcus pyogenes and haemolytic streptococcus either alone 
or together were usually found m the lesions of infective dermatoses, that 
they frequently persisted in the lesions throughout the period and even after 
completion of therapy, and that these organisms were encountered either on 
unaffected areas of skin or inside the nose m a significantly higher percentage 
of the patients with these skin diseases than m normal subjects 


Therapeutic Results 

Penicillin applied locally The major part of the present work has con- 
sisted of an assessment of the effects of treatment with penicillin applied 
locally In order to control penicillin treatment by results obtained in 
similar cases with more orthodox remedies, the first group of patients who 
often had symmetrical lesions on the two sides of the body were treated 
on one side with control remedies and on the other side with penicillin 
(Harlequin technique) The number of days taken to obtain heahng on the 
two sides of the body was noted and compared In order to exclude the 
possibility that the poor contrast generally obtained was due to cross- 
mfeotion or cross-transfer of medicament, the next group of patients re- 
ceived penicillin on all the lesions The results were substantially the same 
Finally, random allocation of patients according to the first letter of the 
surname enabled a series of patients wholly treated with penicillin or with 
control remedies to be compiled Patients L to Z then received penicillin, 
while those m A to K category received control treatment Again, the time 
taken to obtain healing was chosen as being the only objective measure of 
the effect of treatment An arbitrary time limit of 14 days was maintained 
throughout the trial and if heahng was incomplete in 14 days the patient 
was transferred from the care of the investigators and treatment was 
changed In the case of the Harlequin series the remedies were continued 
on the two sides for at least 14 days after heahng occurred on one side, 
except when neither side healed within 14 days, m which case the experi- 
ment was abandoned The method of application of penicillin was that of 
spraying on a solution containing 1,000 units per c c in distilled water with 
a special glass sprayer (HacKenna, 1944) Spraying was repeated at four- 
hourly intervals throughout the day and night in most cases, but the 2am 
application was sometimes omitted A penicillin cream (Roxburgh, Christie, 
and Roxburgh, 1944) containing 500 units per gm was used on nine patients, 
but because of unfavourable results, such as aggravation of primary lesions m 
cases of scborrhoea with impetigo-like manifestations, its use was discontinued 
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Wet dressings of penicillin containing 200 units per c c were tried in two 
cases and application of penicillin by iontophoresis in five more cases, but 
neither method was sufficiently encouraging to warrant further use In 
general, the penicillin spray was applied without removal of orusts unless 
the initial state necessitated a starch poultice, but m five cases crusts were 

Table III 


Penicillin Spray (Harlequin Technique) Days Dequired for Healing 


T'Jiimlinr nf 

Annular 

impetigo 

Sigilbform 

impetigo 

Ecthyma 

Furuncu 

losis 

Impetigmized sebor- 
rhoea and seborrhoeic 
dermatitis 

1.1 U 1 

cases 

8 


2 

\ 

4 


5 


'' 


51 

s 

Treatment 













abandoned* 

— 


— 


— 


2 




19 



P 

C 

P 

C 

P 

c 

P 

C 

P 

c 

P 

C 

Treatment 

4 

12 

6 

10 

12 

14 

6 

6 

10 

4 

6 

16 


8 

15 

11 

21 

7 

7 

5 

14 

13 

16 

4 

12 

P - Penicillin 

4 

4 



11 

9 

14 

14 

7 

9 

6 

G 


7 

6 



14 

8 



6 

9 

6 

6 

C - Control 

0 

0 







10 

8 

14 

14 


4 

14 







7 

7 

9 

9 


4 

12 







11 

18 

8 

8 


6 

10 







5 

11 

8 

8 










8 

8 

12 

12 










14 

14 

8 

8 










0 

6 

10 

10 










4 

4 

8 

8 










5 

6 

18 

4 










8 

21 

0 

6 










9 

9 

7 

6 










5 

19 

18 

10 

Average t 

5 25 

90 

85 

16 5 

11 0 

95 

80 

11 3 



86 

97 

Difference be 













tween means 

4 025 










1 094 

Standard error 

1 449 










3130 



* Neither treatment cured m 14 days 
f Excluding abandoned cases 


removed and an emulsifying base applied before spraying m order to retain 
the solution on the skin Control medicament was varied to suit the parti- 
cular type of case Eau d’Ahbour, gentian violet, penicillin solution or oint- 
ment inactivated by heat, lanette-wax ointment without penicillin, and silver 
nitrate were used on the various patients 

Tables III, IY, and V detail the results in all three series of patients 
treated locally Table III describes 70 patients treated by the Harlequin 
technique in whom the number of days taken to heal with penicillin therapy 
(P) was compared with the days of healing with control remedy (C) m the 
same patient The figures suggested that penicillin effected a more rapid 
rate of healing than control remedies in both varieties of impetigo and that 
n the entire group some advantage occurred to the penicillin-treated lesions 
On the other band, ecthyma was not benefited and both in furunculosis 
and c eborrhoeic conditions some cases completely failed to heal with either 
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remedy m 14 dayB Only in one or two instances did healing of the pemcillm- 
treated lesions take an appreciably longer time than healing with the control 
remedy Thus m the 70 patients, treatment with penicillin was aban- 
doned 21 times, it was better than the control remedy 20 times, wa8 of equal 
value 21 times, and was actually inferior m only eight instances Table IV 

Table IV 

Penicillin Spray (Uncontrolled Group) 


Number of oases 

Annular 

impetigo 

6 

Sigilliform 

impetigo 

6 

Ecthyma 

4 

Furun- 

culosis 

1 

Impetigiruzed sebor- 
rboea and sebor- 
rhoeio dermatitis 

62 

Treatment aban 
doned 



1 

. 

21 

Average duration 
m days* 

68 

90 

116 

70 

85 


Overall average excluding abandoned cases — 8 3 days 
* Excluding abandoned cases 



includes the 09 cases wholly treated with penicillin spray and shows little 
difference m average rate of healing of lesions compared with the healing- 
time of the pemcdlm-treated lesions m the Harlequin senes Table V gives 
details of the remaining 43 patients, chiefly with seborrhoeio conditions, who 
wore allocated at random for treatment either with penicillin or with control 
remedies The results suggest a slight superiority of control remedies, but 
the fact that fewer patients treated with penicillin (5) were abandoned com- 
pared with the control treatment (9) probably affected the average duration 
of healing, and it was not behoved that the overall results were really 
different from those in the earlier series 

In all groups, instances of worsening of the condition while under treat- 
ment were rarely encountered, though the control medicament caused such 
an effect at times One or two cases treated with penicillin developed an 
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erythematous eruption on the neck and shoulders which was at first attri- 
buted to penicillin sensitization This was not indicated, however, by patch 
•tests and it was finally considered that the rash was a manifestation of an 
underlying seborrhoeic state 

Relapses occurred in 21 patients, eight after discharge from hospital and 
13 pationts prior to discharge after initial healing Relapses occurred chiefly 
in cases with seborrhoeic conditions, and two cases initially with lesions of 
annular impetigo developed relapses with lesions of acute seborrhoeio derma- 
titis As relapse occurred six times in patients wholly treated with penicillin 
it could not be considered m the case of Harlequin-treated patients to be 
due to failure of the control remedy to eliminate the infection 

Early but unsustamed healing occurred at times, particularly in cases of 
impetiginized seborrhooa or seborrhoeio dermatitis treated with penicillin, 
and such an effect is probably responsible for the view expressed by other 
workers that penioillm, though producing benefit m oases with seborrhoeic 
manifestations, fails to affect the underlying seborrhoeic state 

Penicillin by injection Two small groups of patients received penicillin by 
intramuscular injection and this was unaccompanied by local therapy in six 
instances and romforced by local spray in seven others In the former 
group, 400,000 units were given daily m six injections, two of 100,000 and 
four of 50,000 units, and treatment was continued for seven days Dramatic 
effects were not seen m these patients, who comprised one case each of 
carbuncle, annular impetigo, sigilliform impetigo, and ecthyma, and two of 
seborrhoeic conditions The second group of patients received intramuscular 
penicillin at the rate of 60,000 units three-hourly for four days and also 
penicillin by spray They comprised one case each of erysipelas and annular 
impetigo, two of sigilliform impetigo, and three of seborrhoea The results 
were dramatic m the case of erysipelas, good m three other cases including 
two of impetigo and one of seborrhoea which all healed in five days, and 
poorer m three remaining cases In view of the expenditure of penicillin 
entailed the method was clearly not worthy of general application at the 
present time 

Discussion 

The therapeutic results obtained with penicillin administered locally were 
not only disappointing, but seemed to conflict with previously published work 
In order to compare our results with those of other workers, Tables VI and 
YU were compiled by consolidation of the healing times of lesions treated 
with penic illin or control remedies An average duration of healing in all 
forms of impetigo of 6 6 days with penicillin and 9 7 with control remedios 
was thus obtained The 12 cases of impetigo treated by Roxburgh, Christie, 
and Roxburgh (1944), eight of which were in children and which moluded 
both staphylococcal and streptococcal infections, were healed in an average 
of eight to nine days with penicillin ointment, that is, m a longer time than 
in our cases The apparent superiority of our results could have been due to 
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clinical separation of a particularly responsive group and allocation of the 
remainder to the seborrhoeic category However, even m the cases of sebor- 
rhoea (Table VII), penicillin effected heahng m 8 6 days on an average 
The results of Taylor and Hughes (1944) referred chiefly to sycosis barbae 
and furunculosis In seven cases of impetigo, healing was obtained m four 

Table VI 

Average Duration of Heahng in Impetigo {Days) 

Annular impetigo Sigtlkform impetigo All impetigo lesions 

Pemoillin 5 33 (15) 8 363 (11) 6 615 (26) 

Control 8 7 (10) 13 0 (3) 9 692 (13) 

Difference 3 367 4 637 3 077 

Standard error 1 36S 3 355 1 432 

Figures in parentheses represent numbers of eases and half -cases of the Harlequin series 

Table VII 

Treatment of Gases of Seborrhoea 

Treatment abandoned Average time 

Totals* (more than 14 days) Healed for heahng 
Penicillin 116 45 (39%) 71 S 6 days 

Control 67 26 (39 %) 41 9 3 days 

* Numbers of cases plus numbers of half cases treated with Harlequin method 

to five days, but four -cases relapsed Our results in impetigo treated with 
penicillin therefore do not appear to be significantly different from the 
published results of other workers It is in the large group of cases loosely 
classified as seborrhoea with impetigo-like manifestations and seborrhoeio 
dermatitis that the introduction of controls indicates a real failure of peni- 
cillin to achieve a satisfactory result Penicillin therapy has achieved such 
outstanding success in many conditions that few reports thus far have con- 
sidered m detail possible oauses of failure As the present investigation 
included attempts to elucidate the factors governing success or failure in 
individual cases, these must now be considered 

Sensitivity of organisms All of 97 strains of haemolytic streptococci and 
all but 11 of 193 strains of Staphylococcus pyogenes recovered before treat- 
ment were fully sensitive to penicillin Of the 11 patients with insensitive 
staphylococci on admission, two had received penicillin m previous therapy 
so that the actual incidence of penicillin-resistant organisms prior to the use 
of penicillin was 4 6 per cent These resistant organisms were tested only by 
the plate method, employing a strip of paper soaked in penicillin containing 
25 units per c c so that their resistance to higher concentrations of penicillin 
is unknown However, the therapeutio results in the patients with initially 
resistant cocci were poor and 10 of the 11 patients resisted healing for more 
than 14 days In a further 29 patients resistant strains of staphylococci not 
present initially appeared m the lesions during or after therapy and the 
frequency with which resistant staphylococci were encountered increased 
vith increase m duration of therapy' The therapeutic results in these 
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29 patients were also poorer than the average, and only three healed within 
the time-limit of 14 days The development of resistance to pemoilhn on 
the part of the staphylococci present m the lesions was thus one possible 
cause of therapeutio failure, but it did not aocount for the poor results m 
other patients who did not respond to therapy yet had fully sensitive 

TaSle VI U 

Comparison of Persistence of Bacteria in Lesions Treated with Penicillin 
Compared with Controls 

Lesions treated -with Lesions treated 



control remedies 

with pemoDlm 

Percentage of casos in which Staphylococcus 

99 

90 

pyogenes presont initially was found again 
at least on ono second occasion after throe 
days’ treatment 

(72) 

(143) 

Percentage of cases in which haemolytic 

07 

50 

streptococci present initially were found 
again at least on one second occasion after 
three days’ treatment 

(31) 

(08) 


Figures m parentheses refer to total number of lesions on whioh percentages 

were calculated 


organisms m lesions throughout the course of therapy Nevertheless, the 
general phenomenon of development of resistance to penicillin appears 
worthy of further investigation, particularly m relation to the pathogenicity 
of the cocci Spink, Ferns, and Yrnno (1944) consider that such acquired 
resistance is accompanied by diminished pathogenicity However, our own 
insensitive strains were capable of aotive coagulase production and this 
metabolic property has hitherto been considered to be correlated with 
pathogemoity (Miles, Williams, and Clayton-Cooper, 1944) Furthermore, 
some of the insensitive strains were actively fibrinolytic 

Persistence of organtsms Repeated swabbing of lesions during and after 
treatment showed that both staphylocooci and streptococci persisted in the 
lesions, somotimes m reduced, but sometimes in apparently undimimshed 
numbers in spite of treatment until healing was complete (Table I) Table YHI 
shows that organisms persisted almost with equal frequency in lesions treated 
with penicillin as m those treated with control remedies The persistent 
organisms were, in the majority of instances, fully sensitive to penicillin and 
the reason for their persistence was not clear It seemed that so long as the 
lesion was aotive and unhealed, whether it was apparently responding to 
penicillin or not, cocci were usually demonstrable Thus m 22 rapidly healing 
lesions cured m under 10 days, 16 after three days treatment still had oocci 
in the lesions, and after seven days when the lesions consisted of little more 
than scales the cocci were found in only three of 10 cases In 26 lesions not 
responding to therapy, 22 still had cocci after three days’ treatment and 23 
yielded cocci after seven days’ treatment Whether or not the persistence of 
organisms was significant as a factor preventing response to treatment and 
ultimate healing, underlying reasons for its occurrence appeared of some 
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interest and importance Survival could have been due to the following 
causes 

Inadequate dosage of penicillin Exudate was collected from lesions at 
periodic intervals after spraying and was found to contam amounts of peni- 
cillin ranging from approximately 0 5 to 15 units per c c , depending on the 
length of time after spraying Such exudate when sealed in capillary tubes 
and incubated remained clear and was sometimes sterile on subculture, 
whereas exudate from lesions not treated with penicillin developed visible 
colomes of cocci When the fluid exuding from the penicillin-treated lesion 
was cultivated by immediate plating a growth of staphylococci or strepto- 
cocci was usually obtained m spite of the content of pemoilhn originally 
present Bigger (1944) has suggested that the organisms which persist m 
lesions treated with penicillin are m a dormant undividing stage unaffected 
by penicillin Such a hypothesis, though attractive, does not take into 
account the active cellular defence of the body, and it is difficult to see why 
the resting cocci should not be eliminated by phagocytes or by antibody 
mechanisms 

Though the surface exudate from lesions appeared to contam therapeu- 
tically adequate amounts of penicillin it was not possible to investigate the 
depths of the lesion The fact that the lesions of patients treated with full 
doses of penicillin by intramuscular injection were also not sterilized may 
simply indicate that the depths of the lesions cannot even be reached readily 
from the blood Hirshfeld, Pilling, Buggs, and Abbott (1944) have also noted 
the persistence of bacteria m grafted bums in patients treated with penicillin, 
though they found that the grafts took successfully in a high proportion of 
cases 

Reinfection Reinfection from other patients could not be demonstrated 
or ruled out in the absence of serological or bacteriological typing Re- 
infection from other parts of the body seemed to be a possible cause of 
persistent organisms The carnage of staphylococci on an unaffected area 
of the face was abnormally frequent and may indicate that the skin is more 
readily colonized by cocci in these patients than m normal subjects 
Streptococci carried in the nose were an additional possible source of per- 
sistent infection m others, but neither in the case of streptococcal nor of 
staphylococcal carnage on normal areas of the body was there a clear 
relationship between such carnage and the therapeutio results It seemed, 
m general, to be likely that reinfection from foci in the depths of the lesions 
provided a constant source of new organisms in spite of repeated applications 
of penicillin to the surface 

Lack of relationship belneen organisms and disease The present investi- 
gation has suggested that a relationship exists between clinical types of 
infection and response to penicillin therapy It is therefore probable that 
clinically different types are caused by the interaction of different netio- 
logical factors Thus impetigo is often regarded as a contagious disease, 
particularly m children, whereas seborrhoeic conditions are believed to be 
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related m some way to the constitution of the individual Even in impetigo, 
the exaot role of the bacteria found ip the lesions is uncertain Bigger and 
Hodgson (1943) were unable to satisfy themselves that the aetiology of 
impetigo was purely bacterial, but concluded that impetigo was due to the 
conjunction of infection with some hypothetical factor It is difficult to 
dismiss the bacteria present m the lesions as mere secondary invaders, 
though they belong to the class defined by Wright (1923) as serophytes, 
whioh grow readily in fresh serum That the response to penicillin is not 
governed simply by the relativo importance of the factor of infection is 
shown by the more favourable results obtained in annular (staphylococcal) 
impetigo than in the sigilhform (streptococoal) variety The unknown factor 
of tho seborrlioeic state is clearly another factor which combines with that 
of infeotion to produce a condition which is resistant to treatment with 
bactenostatio or bactericidal substances Our conclusions are not very 
different from those of Sheehan and Fergusson (1943), who found that the 
success of various therapeutic substances m impetigo cases was unrelated 
to the bacteriological findings Much further study of the aetiological factors 
involved m infective conditions of the skm is clearly needed 


Conclusions 

1 Penicillin administered locally by spraying a solution containing 1,000 
units per c c on to the lesions of various infective diseases of the skm was 
therapeutically superior to other remedies m a relatively minor percentage 
of such cases as are commonly' encountered m the Army 

2 Penicillin spray was effective chiefly m impetigo and specially in 
annular (staphylococcal) impetigo It was occasionally more effective than 
other remedies m cases of furunculosis or seborrhoeic conditions, but such 
an effect was unpredictable It was less effective than other remedies m 
ecthyma It was rarely, if ever, capable of producing harmful reactions 

3 Having regard to the expenditure of penicillin, no more effective 
method of administration was found than that of local spray 

4 Success or failure of therapy could not be correlated with the bacterio- 
logical flora except that the presence of penicillin-resistant organisms before 
therapy appeared to be associated with poor results Development of peni- 
cillin-resistant organisms m the lesions during therapy was also m some of 
the cases a possible cause of therapeutio failure Failure of penioillin therapy 
may also be due to inaccessibility of organisms in the depths of the lesions, 
or to the fact that the disease is often due to the interaction of aetiologically 
different factors The hypothetical cause of the seborrhoeic state is one such 


factor 

Summary 

1 The efficacy of treatment of pyoderma with penioillin as compared 
with other remedies was studied m a senes of soldiers suffering from this 
disease The conditions treated mcluded seborrhoeic dermatitis and impeti- 
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gimzed seborrhoea, annular (staphyloeocoal) impetigo, sigillifonn (strepto- 
coccal) impetigo, ecthyma, and furunculosis 

2 Penicillin was in most cases applied as an aqueous spray containing 
1,000 Oxford units per c c In one group of patients penicillin spray was 
a dminis tered to the lesions on one side of the body, and the results compared 
with those of other remedies applied to the lesions on the opposite side In 
a second group of patients all the lesions were sprayed with penicillin and 
the results compared with a control group receivmg other forms of treat- 
ment Lastly, a small group of patients received large doses of penicillin by 
intramuscular injection (400,000 Oxford units daily) 

3 Only in annular (staphylococcal) impetigo was penicillin markedly 
superior to other remedies Cases of this disease formed but a small pro- 
portion of the cases of pyoderma encountered In seborrhoeio dermatitis, 
which was the mam type of pyoderma treated, pemoilhn was no more 
effective than other remedies In some cases of this disease penicillin gave 
very good results, but these were unpredictable, and in others penicillin 
appeared less efficient than other modes of treatment However, m no oase 
was penicillin shown to be actively harmful In ecthyma penicillin compared 
poorly with other remedies 

4 The exudate obtained from the lesions was exammed baotenologically 
before, during, and after treatment Culture of the exudate resulted in the 
isolation of staphylococci (coagulase positive) or haemolytic streptococci, or 
both these organisms together, m 99 5 per cent of the cases exammed (200 
m all) All the strains of streptococoi (isolated from 97 cases) and the vast 
majority of the staphylococci (m 182 out of 197 cases) originally isolated 
from the lesions were sensitive to penicillin 

6 Success or failure of therapy could not m general be correlated with 
the flora isolated In spite of treatment penicillin-sensitive organisms were 
usually recovered from the lesions after three days of treatment In some 
cases pemcilhn-resistant staphylococci appeared during treatment and this 
phenomenon increased m frequency as treatment was prolonged These 
cases, as well as the few m which pemcilhn-resistant organisms were initially 
present, were on the whole refractory to penicillin treatment The develop- 
ment, or initial presence, of penicillin-resistant strains of staphylococci m 
the lesions was not the general cause of resistance to penicillin treatment, 
since in many refractory cases fully sensitive staphylococci were repeatedly 
recovered from the lesions after prolonged spraying as well as after intra- 
muscular therapy All strains of haemolytic streptococci isolated from the 
lesions both before and after penicillin treatment were sensitive to penioillin 

Tins investigation was planned and executed as a result of the interest 
and help of Major-General L T Poole, Director of Pathology, the War Office, 
and of Brigadier It M B MacKenna, Consultant m Dermatology, the War 
Office, to whom we tender our sincere thanks 
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THE NICOTINIC ACID CONTENT OF BLOOD IN HEALTH 

AND DISEASE 1 

By C W CARTER and J R P O’BRIEN 
(From the Department of Biochemistry, Oxford) 

Two types of method, chemical and microbiological, have been used m the 
estimation of nicotinic acid and its derivatives m blood Several of the 
chemical methods have as their basis Komg’s reaction, m which the product 
of the fission of the pyridine ring by brom-oyanogen is condensed with a 
primary aromatic amine to yield a polymethme dye There has been no 
general agreement among workers as to the amine most suitable for the 
development of this reaction Aniline has been favoured by some (Swami- 
nathan, 1938, 1939 , Melnick and Field, 1940) and, in certain conditions 
(Melniok and Field, 1940), gives no colour with trigonelline or with pvroxidme 
With this amine, nicotinamide gives a fraction of the colour obtained with 
mcotimo acid, but by hydrolysis it is readily converted to the acid With 
p-aminoacetophenone (Harris and Raymond, 1939 , Kodicek, 1940), the 
colour given by nicotinic acid is stated to be more intense than with aniline 
or p-methylaminophenol sulphate (metol), but its instability and its sensi- 
tivity to pH and salt conditions of the medium necessitate speoial precautions 
to ensure reproducible results Metol has been used by Bandier and Hald 
(1939) , it gives no colour with trigonelline or with pyridine and its deriva- 
tives In its favour is the olaim of Dann and Handler (1941) that it is more 
speoific for mcotimc acid than aniline or p-aminoacetophenone 

The complications introduced into methods of estimation by chromogons 
other than nicotinic acid or its amide m unne and foodstuffs are serious, and 
even in the case of blood it cannot be said that they have been wholly elimi- 
nated Further difficulties arise m attempts to ensure complete removal of 
non-specific pigments The use of charcoal for the decolorization of urine 
and blood has proved satisfactory with some workers (Swammatlian, 1939 , 
Melnick and Field, 1940), and unsatisfactory with others (Perlzweig, Levy, 
and Sarett, 1940 , Dann and Handler, 1941) More elaborate procedures 
have also been adopted by Perlzweig, Levy, and Sarett (1940), and Wang 
and Kodicek (1943) Bandier (1941) employed tungstic acid to remove the 
colouring matter of blood We have adopted this method m essentials and 
have obtained an almost complete removal of blood pigment and a satis- 
factory recovery of added nicotinic acid It has been found necessary, 
however, to allow for the small amount of residual pigment by a blank deter- 
mination, a procedure which is omitted by Bandier The method has been 

1 Received July 26, 1046 
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employed m the determination of the total * mcotmio acid ’ in blood in a senes 
of GO normal human subjects and G7 patients undergoing hospital treatment 
for a variety of clinical conditions 


Method 

Fivo c c of blood are haemolysed until 35 c c of water inaJOoc flask, 
and a drop of caprylic alcohol added to prevent frothing Five c c of 10 per 
cent (w/v) sodium tungstate followed immediately by 5 c o of 2/3 N-hydro- 
olilonc acid are added, the contents made up to the mark and thoroughly 
shaken After 5 min , the precipitate is centrifuged off, and 30 c c of water- 
clear filtrate aro pipetted into a small flask fitted with a condenser After 
the addition of 6 c c of 10 N-sodium hydroxide, the contents are boiled gently 
for lA krs The contents of the flask with washings are transferred to a 
boiling tubo, 5 c c of 2 per cent (w/v) acid potassium phosphate added, and, 
after cooling, the pH is adjusted to 5 3 with 8 N-hydrochlono acid, using 
brom-oresol purple as external indicator After adjusting the volume to 
50 c c the small flooculcnt precipitate which appears is centrifuged off Two 
20 c o samples of the centrifugate are pipetted into boiling tubes, one of these 
being used to determine the extinction due to residual pigment Both tubes 
are heated to 75° to 80° C for 6 min in a water bath, and into the tube for 
estimation of nicotinic acid, 2 c c of freshly prepared 4 per cent (w/v) cyano- 
gen bromide are run, and heating continued for a further 5 mm A control 
tube containing 20 c o of water with addition of 2 c c of cyanogen bromide 
is similarly heated The tubes are then removed from the water bath, cooled, 
and tho contents transferred bo 26 o e flasks To test and oontrol flasks is 
added G00 mg of metol, and after making up to 26 c o the mixtures are 
thoroughly shaken to dissolve all metol and then kept m the dark The 
development of colour is complete withm 30 mm The colour intensity of 
tho test solution is measured in a Pulfnch photometer (filter S 43) against 
the control At the same time the residual pigment of the blank solution is 
determined against water, and the value deducted from the test reading 
The nicotinic acid content of the test solution oan then be obtained by 
reference to a calibration curve for the instrument Duplicate determinations 
on a large senes of bloods indioate that the results obtained are reproducible 
with a mean error of ± 5 5 per cent 


Results 

Concentration of nicotinic acid in the blood of normal subjects Estimation 
of the nicotinic acid of whole blood was performed in a series of 60 subjects, 
all of whom on clinical examination appeared m normal health The mean 
level for whole blood was 438 pgm per 1 00 c c The Figure indicates that the 
normal range lies within the limits 260 to 673 pgm per 100 cc of blood 
Repeated determinations have been made over a period of 26 weeks in the 
case of two subjeots, A and B, in the post absorptive state, who had hved 


Table I 

Nicotinic Acid Content of Blood at Va> ions Times on Mixed Diet Subject A 

17 9 41 18 12 41 18 12 41 29 12 41 14 1 42 30 3 42 
Date , 1 00 c c 366 468 608 465 479 496 

Nicotinic acid /igm per 100 c c 
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throughout on an ordinary mixed diet With the exception of the initial 
value given for Subject A (Table I), the values appear to be constant within 
the limits of the experimental error 

It is generally agreed that the nicotinic acid present in the cells accounts 
for at least 95 per cent of the normal content of whole blood, no doubt 
mainly bound as coenzymes Absorp - 


tion from the intestine of ordinary 
mixed meals appears to have little 
influence on the nicotinic acid level 
of blood Ingestion of 100 mg of 
nicotinamide by a post absorptive 
subjeot resulted m a rise in the red- 
cell content, but had little or no in- 
fluence on that of the plasma When 
larger doses (300 to 500 mg ) of the 
amide are ingested the rise in the 
blood level is considerable, reaching 
a peak within 30 to 60 mm and 
subsequently declining At the same 
time there is a marked rise m the 
plasma level, which subsides rapidly 
within 2 hrs (Table II) These re- 
sults are similar to those reported by 
Melmok, Robinson, and Field (1940) 
Table III shows the effeot of daily 
ingestion of 100 mg nicotinic aoid by 
one subject over a period of a week, 
and of ingestion of 15 mg by 12 sub- 
jects over a period of 149 days In 



250 500 350 400 4 50 500 550 600 

to to to to to b to to 

2S9 349 399 449 499 549 599 649 

p gm Nicotinic Acid per lOOccof blood 


five subjects m whom the initial level „ , , , , , , 

, ,, , , , . , , Nicotmio aoid in whole blood of 

or blood nicotinic acid lay within the normal subjects 

range 416 to 575 pgm per 100 cc, 

the mean rise after ingestion was 13 per cent , whereas for five subjects with 
an initial range of 260 to 360 ft gm per 100 c c the mean rise was 49 per 


Table II 


Changes in ike Nicotinic Acid Content of Blood (pgm per 100 cc) after 
Ingestion of Nicotinamide 



Doso of 
amide 




Time (min } after ingestion 



Subject 

(mg) 


0~ 

15 

30 

46 

60 

90 

120 

135 

~ 180 

A 

100 

Colls* 

374 



484 



540 


490 






Plasma + 

42 

• — 

37 

— 

68 

— — 

22 





B 

300 

Cells* 

440 

747 

740 

812 

C21 










Plasma-|- 

23 

130 

142 

118 

147 



. - _ 





C 

500 

Plnsmot 

0 

— 

199 

— 

— 

88 

— 

20 

21 


* Cells in 100 c c blood f Plasma in 100 c c blood 


1QJAI '.(WS«le» 1 , 0 . 50) 
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Table III 


The Effect on the Blood Nicotinic Acid (/igm per 100 c c ) of Ingestion of 
Nicotinic Acid for Prolonged Periods 
Days aftor ingestion 


Subject 

0 

7 

25 

46 

63 

149 

1 

383 

632 

— 

— 





2 

417 

— 

687 

694 

475 



3 

448 

— 

480 

— 

552 



4 

673 

— 

050 

— 

510 

521 

6 

409 

— 

— 

056 

673 

500 

0 

431 

— 

— 

376 

400 

354 

7 

260 

— 

389 

— 

642 

469 

S 

344, 

— 

— 

— 

479 

— 

9 

344 

— 

— 

— 

364 

631 

10 

312 

— 

500 

433 

602 

448 

11 

386 

— 

642 

— 

390 

— 

12 

323 

— 

052 

427 

425 

469 

13 

396 

— 

750 

— 

— 

— 


Table IV 


Subject 

1 

2 

3 

1 


Concentration of Nicotinic Acid tn the Blood in Disease 


Pellagra 


Caso details 


Wernicke's oncephalopathy 


Nicotinic aoid 
/jgm per 100 c o 
of blood 

238 
' 464 
362 


482 

390 


Sprue 

1 Before treatment 

After treatment with 90 mg nicotinic acid daily — 2nd day 

11th „ 
68th „ 


Pernicious anaemia 


1 

Mb 30 % 

Bed cells 1,800,000 per o mm 

CJ 0 97 

2 

„ 20% 

„ 820,000 

„ 11 

3 

— 

— 

— 

4 

„ 48% 

„ 1,740,000 

„ 11 


145 

187 

338 

417 


260 

293 

260 

614 


1 

2 

3 

4 


1 

2 

3 

4 
6 
6 


Hypochromic anaemia 

Hb 40 % Bed cells 3,300,000 per o mm 
38% „ 4,400,000 

68 % „ 3,600,000 

„ 38% „ 2,100,000 


Cl 06 
„ 04 
„ 0 97 
„ 00 

(Pregnancy) 


Hyperthyroidism 

Blood nicotinic acid 
(figm per 100 c c ) 
jt before treatment 


+ 75 
+ 23 
+ 29 
+ 34 
+44 
+ 42 


215 

251 

344 

330 

391 

330 


359 

437 

673 

229 
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lbject 

Case details 

Niootimc acid 
pgm per 100 cj: 
of blood 

7 

Blood nicotinic acid 
(jtgm per 100 c o ) 

B M R before treatment 

+ 44 385 


8„ 

+ 36 344 

— 

9 

+ 48 195 10 days iodine therapy 

289 


10 „ after operation 

687 

10 

+ 38 312 9 „ after operation 

427 

11 

— 271 10 „ iodine therapy 

289 


10 „ after operation 

404 

12 

+ 35 34 10 „ iodine therapy 

493 

- 

Myeloid leukaemia 


1 

WBC 306,000 

693 

2 

„ 460,000 

937 

3 

„ 300,000 

704 

4 



721 

5 

„ 70,000 

303 

6 

„ 74,000 

302 

1 

Lymphatic leukaemia 

WBC 6,000 

316 

2 

„ 6,400 

260 

1 

Subacute combined degeneration of the cord 

386 

2 


469 

1 

Pregnancy 

Normal 39 weeks 

361 

2 

*> ft it 

427 

3 

»» 11 »» 

281 

4 

if it a 

396 

6 

Toxaemia 

440 

6 

Eclampsia 

634 

7 

>» 

665 

1 

Neuritis 

Multiple 

608 

2 

it 

417 

3 

Toxic 

386 

4 

Sciatica 

683 

6 

*y 

646 

1 

Hepatic disease 

Infective hepatitis 

621 

2 

M II 

375 

3 

Acute hepatic necrosis 

416 

4 

Congenital haemolytic icterus 

635 

5 

Carbon totraohlonde poisoning 

343 

1 

Ulcerative colitis 

339 

2 


394 

3 

4 


458 

416 


l 

O 

3 

4 


484 

593 

510 

625 


Pulmonary tuberculosts 
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cent The mean upper limits reached for the two groups after ingestion 
were respectively 529 p.gm and 471 ftgm The results suggest that con- 
tinued ingestion of nicotinic aoid at the level indicated above results in the 
attainment of a degree of saturation in the blood which is bmited by the 
ability of the blood cells to fix nicotinic acid as coenzymes 

Concentration of nicotinic acid in blood of abnormal subjects The blood con- 
centration of nicotinic acid m a series of hospital patients is shown in Table IV 
We have had an opportunity of investigating only three cases of pellagra 
In two chronic cases associated with insanity the nicotinic acid level was 
within the normal range, but m the other case the blood level was low 
These findings are insufficient to justify any general conclusion, but they 
accord with tho experience of Field, Melnicb, Robmson, and Wilkinson (1941), 
who reported that tho range of blood and plasma nicotinic acid in deficient 
subjeots overlapped that for normally nourished individuals Jolliffe, Bow- 
man, Rosenblum, and Fein (1940) claimed that Wernicke’s encephalopathy 
is associated ■with nicotinic acid deficiency, and that after nicotinic aoid 
therapy the mortality was reduced from over 60 per cent to 13 per cent 
In two cases of encephalopathy we found normal blood levels In one long- 
standing case of sprue the very low value of 145 figm rose over a period of 
68 days to 417 /xgm ns a result of daily ingestion of 90 mg of nicotinic acid 
This patient showed hyperkeratotic areas on both arms and legs, and patches 
of weeping eczema, together with a severe macrocytic anaemia Neither the 
cutaneous lesions nor the anaemia appeared to improve as a result of nico- 
tinic acid administration, and the condition was evidently not pellagrous 
It seemed possible, however, that the low nicotinic acid level of the blood 
and the macrocytic anaemia were both associated with impaired absorptive 
function of the intestine In three of four cases of pernicious anaemia the 
blood nicotinic acid was low On the other hand three cases of hypochromic 
anaemia gave normal values Bandier (1941) also reported low blood nico- 
tinic acid values m two cases of pernicious anaemia On the other hand, he 
found that in polycythaemia vera the blood level was high In myeloid 
leukaemia with a great increase in polymorphonuclear cells there was a 
parallel inorease m blood nicotinic acid m three cases, whereas m two oases 
in which the leuoooytosis wa3 less marked the blood nicotinic acid was sub 
normal In two cases of lymphatic leukaemia with no increase m the peri- 
pheral white cell count the nicotinic aoid values were also low While no 
exact computation can be made from the data reported here, a rough calcula- 
tion indicates that the white cell may contain some 10 times as much 
nicotinic acid as the erythrocyte In 12 cases of hyperthyroidism with 
increase of basal metaboho rate from +23 per cent to +76 per cent , low 
blood nicotinic acid values were found m nine subjeots In four of these the 
blood nicotinic acid was followed after treatment by iodine therapy or 
oneration Subjects 9, 10, and 11 had low initial values which rose to normal 
levels after treatment, while in the case of subject 12, who had a normal 
initial level, no change was observed after iodine treatment In none of the 
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other clinical conditions studied, hepatio disease (4), pregnancy (7), ulcerative 
colitis (4), pulmonary tuberculosis (4), neuntis (5), cardiac failure (2), subacute 
combined degeneration (2), Vincent’s angina (4), nephritis (2), diabetes mel- 
litus (1), and acne rosacea (2) was there any evidence of abnormal blood 
nicotinic acid level 


Discussion 

In Table V is recorded the range of nicotinic acid concentration in the 
blood reported in the literature, m normal subjects and in deficient states 
Most authors who have employed a chemical method of estimation give a 


Table V 


Concentration of Nicotinic Acid m the Blood (jigm fer 

and Deficient Subjects 


Author 

Swaminathan (1939) 

Ritsert (1939) 

Kuhnau (1939) 

Field, Melmck, 'Robinson, and 
Wilkinson (1941) 

Bandier (1941) 

Carter and O’Bnen (1946) 

Vilter, Koch, and Spies (1940) 
Kohn, Bemheun, and JMsovanyi 
(1939) 

Quendo, Lwoff, and Latasto 
(1930) 

von Euler and Sohlenk (1939) 
Axelrod, Madden, andElvehjem 
(1039) 


Method 

Bromcyanogen and aniline 


„ and metol 

*> n 

H influenzae 

H parainfluenzas 

B p rateue 
Yeast fermentation 


100 cc) of Normal 


Normal 

Deficient 

subjects 

subjects 

339-630 

— 

330-460 

— 

250-460 

80-180 

620-830 

490-940 

320-460 

— 

260-570 

240-460 

270-870 

120-540 

320-800 

400-840 

620-890 

730-1,030 

800 

— 

330-720 

630 


similar range of values for normal subjects Field, Melmck, Robinson, and 
Wilkinson (1941) are exceptional m reporting substantially higher values, 
and their method of obtaining colourless filtrates for estimation may be open 
to criticism The values obtained by microbiological methods of assay are 
higher and have a wider range It may be questioned whether lack of speci- 
ficity may not introduce a complication here Two conclusions may, however, 
be drawn from the available data In the first place quite wide variations m 
content of nicotinic acid in the blood of different individuals m normal health 
may ocour Secondly, the majority of the evidence relating to states of 
nutritional deficiency indicates that the range of blood nicotinic acid overlaps 
that found m normal subjects The data reported m the present paper and 
elsewhere as to the variations in nicotinic acid content m several blood 
dysorasias indicate that such variations may arise independently of variations 
in the body as a whole Thus it appears that studies of blood nicotinic acid 
arc of bttlo value as a criterion of the state of nutrition in respect of this 
factor In conditions of impaired intestinal absorption as m sprue, or asso- 
ciated with raised basal metabolism as in hyperthyroidism, low levels of blood 
nicotinic acid may occur without any clinical manifestations suggestive of 
pellagra With regard to hyperthyroidism, it is of interest that a marked 
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decrease m tho coenzymo content of rat liver and kidney cortex after thyroid 
feeding has been reported by Katzenelbogen, Axelrod, and Elvehjem (1941) 
Similarly Peters and Rossiter (1939) reported a fall m the eocarboxylase 
content of the brains of rats injected with thyroxin The cozymase and 
cooarboxylaso levels can bo restored or maintained by feeding additional 
nicotinic acid or ancunn respectively, which suggests that the primary effect 
of induced hyperthyroidism is to increase the rate of coenzyme destruction, 
rather than to promote a decrease m its synthesis While these results are of 
interest, it is not yet possible to correlate the depletion of coenzymes or 
change of cellular metabolism with the clinical features of pellagra (Handler 
and Dann, 1942) Finally, m none of the other clinical conditions studied 
was there any evidence of an abnormal blood nicotinic acid level 


Summary 

1 Concentration of nicotinic acid has been determined m tho blood of 60 
normal subjects, and found to lie m the range of 260 to 673 pgm per 100 o o 
of blood 

2 In two subjects repeated analyses showed that the blood concentration 
of nicotinic acid is constant over a period of time, but is temporarily increased 
after tho administration of large doses of nicotinamide 

3 Prolonged administration of nicotinic acid appears to lead to the attain- 
ment of a degree of saturation m the blood which is limited by the abihty of 
the blood cells to fix nicotinic acid as coenzymes 

4 The nicotinic acid concentration m the blood in a variety of pathological 
conditions does not greatly differ from normal values Hyperthyroidism and 
sprue may be associated with low values Myeloid leukaemia with a high 
polymorphonuclear count is associated with high nicotinic acid values 
Pennoious anaemia may give low values, whereas in hypochromic anaemia 
normal values are observed 

6 It is concluded that the concentration of nicotinic acid in the blood does 
not provide a useful nutritional index 


We wish to thank Professor R A Peters for his interest in this work. 
Professor L J Witts and Drs Gibson, Hobson, and Cooke for permission to 
study patients in their oharge, and R E Mapes for valuable technical 
assistance 
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THE HEREDITARY AND FAMILIAL ASPECTS OF 
EXOPHT HAL MIC GOITRE AND NODULAR GOITRE 1 

By LAURENCE MARTIN 
(From Addenbrooke’s Hospital, Cambridge) 

With, a genetieal note by R A Fisher 
(Department of Genetics, Cambridge University) 


Introduction 

The hereditary and familial aspects of exophthalmic goitre, although not 
entirely disregarded, have not apparently been closely studied m the past 
They have most often received attention m connexion with the occurrence 
of exophthalmic goitre among children (Cockayne, 1928 , Atkinson, 1938 , 
Moolten and Bruger, 1942) while isolated families notably affected by the 
disease are also on record (Wild, 1886 , Pern, 1911 , Souques and Lermoyez, 
1919 , Climenko, 1920 , Morrison, 1928 ) Such restricted studies have m 
general contributed httle to our knowledge, for some have consisted at the 
most of a few spectaoular family trees from which general genetieal conclu- 
sions could soarcely be drawn, while others have been encyclopaedic reviews 
of the literature without providing any decisive information 

Joll (1932) stated that there was no real evidence that exophthalmic goitre 
was usually hereditary and Means (1937) could allow only that hereditary 
factors might be important m production of the disease No detailed study 
of the families of a large series of adult exophthalmic goitre patients appears 
to exist, although Mackenzie (1916) noted affected relatives in 44 of 438 cases 
and Gardiner-Hill (1934) recorded six per cent of 100 cases with a history of 
the disease m ascendants and nine per cent with affected siblings In the 
case of nodular goitre, whether non-toxic or associated with secondary thyro- 
toxicosis, anj hereditary or familial factors are bound up with those of simple 
colloid goitre which is a prerequisite antecedent of a nodular goitre As will 
be discussed later the factor of environment is so entangled with any possible 
hereditary trait that a clear separation of the two would be extremely diffi- 
cult The object of the present paper is to set out the results of a study of 
the familial and hereditary factors m an adult senes of 90 cases of exo- 
phthalmic goitre (primary thyrotoxicosis) and 111 cases of nodular goitre, 
both toxic (secondary thyrotoxicosis) and non-toxic, and to exa min e the infor- 
mation obtained from both types of the disease 

1 Kcccivcd August 6, 1045 
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Material 

All the cases have been personally questioned and examined Detailed 
family trees were obtained from 35 cases of exophthalmio goitre and 60 cases 
of nodular goitre, while details of any relatives affected by goitre were noted 
in the remainder Information about possible consanguinity of the patients’ 
parents is not available because it was not anticipated at the time of collec- 
tion of data that statements of consanguinity might be valuable On reviewing 
the results obtained, it is clear that such information might have been perti- 
nent in connexion with the finding of a factor of recessive inheritance, if 
consanguineous marriages of the patients’ parents had exceeded five per cent 
The patients were all of the hospital class, 135 were drawn from the Borough 
of Cambridge, 65 from the adjacent urban and rural districts of Cambridge- 
shire, Isle of Ely, Hertfordshire, Suffolk, Essex, Norfolk, and Bedfordshire, 
10 from London, and one from Scotland The 174 woman patients were 
almost all occupied in their homes , only 25 had other work as clerks, shop- 
assistants, or domestic servants Of the 27 male patients 17 were agricultural 
workers, while the remainder were artisans or shopkeepers and one was a 
railway signalman All the patients were adults, and cases of puberty goitre 
were excluded from the series partly because evidence of thyrotoxicosis was 
often transient or doubtful and partly because of the difficulty in assigning 
such oases either to the primary or secondary category of thyrotoxicosis 

Cases of toxic and non-toxic nodular goitre have been included together 
under the description of nodular goitre for the following reasons 

(l) A simple colloid goitre is the starting-point of both types, hence any 
hereditary or familial trait is likely to be the same for each 

(n) A defimto diagnosis of thyrotoxicosis is frequently difficult m patients 
with a nodular goitre and there are many doubtful or borderline eases 

(m) Thyrotoxic symptoms are liable to develop at any time in the possessor 
of a nodular goitre, and a certain proportion of these considered to be non- 
thyrotoxic at the time of examination might well become thyrotoxic at a 
later date 

The broad classification of patients into exophthalmic goitre and nodular 
goitre rested upon the history, clinical signs, and histological examination of 
the goitres from those submitted to thyroidectomy 

General Considerations 

A study of this kind should ideally comprise examination of all the known 
relatives of each patient, but this was impracticable and reliance has neces- 
sarily been placed upon the patients’ statements In some instances several 
members of one family who were affected by goitres have been seen because 
they sought treatment at Addenbrooke’s Hospital, and occasionally a relative 
who accompanied a patient to hospital was also found to have a goitre, but 
these chance occurrences were infrequent Nevertheless, there are good 
grounds for believing what goitre patients say about their relatives in respec 
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of exophthalmic goitre m particular A patient with exophthalmic goitre has 
str ikin g outward appearances and is quick to observe or remember similar 
manifestations in a relative, so that a family history of exophthalmic goitre - 
is usually reliable A goitre is generally a fairly obvious phenomenon and it 
carries no stigma in lay minds so that, in contradistinction to insanity or 
tuberculosis, patients do not hesitate to volunteer information Some patients 
knew that a relative had been operated upon for a goitre but did not know 
its type, while others could not go further than report a relative with a lump 
m the neck. In such instances exophthalmio goitre could be inferred or ex- 
cluded by questioning, provided that the patient had actually seen the 
affected relative, but it was sometimes impossible to be certain whether a 
relative’s goitre was toxic or non-toxic, although an operation on it suggested 
the former It is evident that the reported number of affected relatives is 
likely to be smaller than the actual number, for small goitres are sometimes 
not obvious to laymen, as is shown by those found m patients who were un- 
aware of their presence There is also the unpredictable chance that the 
young and unaffected children of goitre patients might develop a goitre or 
thyrotoxicosis later in life 

Having regard to these considerations the following classification was 
adopted for the goitres of affected relatives 
Known exophthalmic goitre (Ex G ) 

Known toxic goitre (T G ) 

Known simple goitre (S G ) 

Goitre, not known to be toxic or presumed simple (G ) 

The toxic goitre group probably included most cases of toxic nodular goitre 
m which exophthalmos is usually slight or absent 


Results 

The results are derived from two sources, either from data from all the 
cases or only from those whose family trees were known From the former, 
crude information is obtained concerning the number and relationships of the 
various relatives affected, and from the latter, more detailed information 
concerning siblings Information about mothers and fathers could reasonably 
be accepted from all the cases whether full family trees were available or not 

Tables I and II show the numbers and relationships of the 88 affected 
relatives of 90 cases of exophthalmic goitre and 111 cases of nodular goitre 
So far as they go the following deductions can be made 

(l) That female relatives are predominantly affected with goitre of all types 
by 75 females to 13 males among the total of 88 affected relatives 

(u) Of the 75 affected female relatives sisters were most frequently affected 
(43), followed by mothers (15), aunts (10), and daughters (7) 

(m) Males were seldom affected, brothers 12 times, fathers once, and sons 
not at all It was noteworthy that the eight affected brothers of exophthal- 
mic goitre patients all had exophthalmic goitre, while the four affected 



210 


QUARTERLY JOURNAL OE MEDICINE 


Table I 


Crude Totals of Affected Relatives 


00 exophthalmic cases 


Molhors 

Ex G 

T G 

1 

S G 

5 

G 

Total 

0 

Fathers 

, 





Sisters 

8 

2 

3 

3 

10 

Brothers 

8 





8 

Sons 



, . 

. 


0 

Daughters 

— 





1 

1 

Maternal aunts 

. — 




3 

3 

Paternal aunts 

1 

— 

— 

1 

2 


111 nodular goitre coses 


Ex G T G S G 
— 22 

1 7 8 


— 23 

1 — 1 


G Total 

t> 9 

— 1 

II 27 

2 4 

— 0 

1 0 

1 1 

2 4 


Totals 17 3 S 8 30 2 11 17 22 52 


Table II 

Nature of Goitre in Affected Relatives 

Ex G. and T G S G and G Total 
Relatives of 90 Ex G pationts 20 16 36 

Relatives of 1 1 1 nodular goitre pationts 13 39 62 

brothers of nodular goitre patients all had simple goitres or goitres not known 
to be toxic 

(iv) Patients suffering from exophthalmic goitre had more relatives with 
exophthalmic goitre than did patients -with nodular goitres by 17 to 2 

(v) Patients with nodular goitres had more relatives with simple goitres or 
goitres which were not known to be toxic than did patients with exophthal- 
mic goitre by 39 to 16 

(vi) Tho occurrence of toxic goitre, presumed not to be exophthalmic and 
probably to be secondary thyrotoxicosis, was commoner among the relatives 
of nodular goitre patients than among those of exophthalmio goitre patients 
by 11 to 3 

The trend of this information is to confirm general experience that women 
suffer from goitres of all types more frequently than men, and to suggest that 
patients with exophthalmic goitre tend to have relatives affected by it, 
whereas patients with nodular goitres more often have relatives affeoted by 
simple or nondescript goitres As regards comparison with relatives of non- 
goitrous and non-thyrotoxio mdmdnals, it may be said that a certain number 
of goitres of all types occur by chance throughout the general population 
It is probable that simple goitres, smooth or nodular, would out-number 
exophthalmic or toxic goitres because of their more numerous causes suob as 
residence m an area of endemio goitre and the influence of pregnanoy or sex- 
epochs among women It is therefore significant that the goitrous relatives 
of patients with exophthalmic goitre should have had exophthalmic goitre 
more frequently than simple goitre, and this suggests that a familial charac- 
teristic is present at any rate in some cases Similarly, patients with nodular 
goitre had three times as many relatives with simple goitres or goitres which 
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were not known to be toxic than did those with toxic or exophthalmic goitres, 
but for reasons to be discussed later this cannot be directly attributed to 
hereditary rather than to environmental causes Although no figures are 
available for the incidence of goitre among the relatives of non-goitrous 
persons, it seems improbable that they would approach those of Table I, 
which shows 88 goitrous relatives in the families of 201 goitrous patients 
Study of affected siblings from available family trees Family trees were 
available from 35 patients with exophthalmic goitre and from 50 patients 
with nodular goitre There was a history of goitre among the siblings of 15 
patients with exophthalmic goitre and of 17 patients with nodular goitre 
This represents an incidence of goitre among siblings m 43 per cent of the 
famihes of exophthalmic goitre patients and m 34 per cent of the families 
of nodular goitre patients Nineteen (12 per cent ) of the 160 siblings were 
affected by goitre, namely, 13 sisters (16 per cent of the total of 79 sisters) 
and six brothers (7 per cent of the total of 81 brothers) The types of goitre 
affecting the siblings are shown m Table IV Of the 19 affected siblings, 
therefore, no less than 14 had exophthalmic goitre, two had toxic goitres, 
and all the affected brothers had exophthalmic goitre Of the 214 siblings of 
60 patients with nodular goitre, 12 (6 per cent) were affected by goitre, 
namely, nine sisters (8 per cent of the total of 111 sisters) and three brothers 
(3 per cent of the total of 103 brothers) 

The types of goitre affecting the siblings are shown in Table VI Of the 
12 affected siblings 10 had goitres which were simple or not known to bo 
tone There was no example of exophthalmio goitre, but two sisters had 
toxic goitres Table VII shows that sisters of exophthalmio goitre patients 
were affected by exophthalmic goitre or toxic goitre in 10 cases out of 13, 
whereas seven of the nine affected sisters of nodular goitre patients had 
simple or nondescript goitres 

Table VIII shows that brothers were uncommonly affected by goitres of 
any kind, but those of exophthalmic goitre patients who were affected invari- 
ably had exophthalmic goitre All the affected brothers of nodular goitre 
patients had simple goitres or goitres not known to be toxio If the affected 
sibbngs of exophthalmic goitre patients are taken together, 14 out of 19 had 
exophthalmic goitre and two had toxic goitre, while those of nodular goitre 
patients included only two with toxic goitre and none with exophthalmic 
goitre These results confirm the deductions drawn from the crude figures 
of Table I and tend to show that there is a familial tendency for the occur- 
rence of both exophthalmic goitre and for nodular and simple goitre, and 
that these tendencies are distinct A familial tendency m either type of 
goitre is clearly not the rule, for siblings were affected m only 43 per cent 
of the families of exophthalmio goitre patients, and in 34 per cent of the 
families of nodular goitre patients Nevertheless, these are considerable inci- 
dences, and m the case of exophthalmic goitre there is evidence to follow that 
a tendency or liability to this disease may exist in apparently unaffected 
relatives 
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Table I 


Crude Totals of Affected Relatives 




00 e\ophthalmio 

cnflcs 


111 nodular goitro 
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Ex G T G 
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Total 

Ex G T G 
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Mothers 
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— 

— 
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1 

Sisters 

8 

2 

3 

3 

10 

1 7 

8 

11 

27 

Brothors 

8 
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— 
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8 

— 

n 

u 

2 

4 

Sons 
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— 

— 

— 
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— 

— 

— 
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Daughters 

— 

— 

— 

1 

1 

— 2 

3 

1 

6 

Maternal aunts 

— 

— 

— 

3 

3 

— — 

— 

1 

1 

Paternal aunts 

1 

— 

— 

1 

2 

1 — 

1 

2 

4 

Totals 

rf 

3 

8 

8 

36 

2 n 

17 

22 

— ei 


Table II 

Nature of Goitre in Affected Relatives 

Ex G and T G S G and G Total 

Relatives of 00 Ex G pationts 20 16 36 

Relatives of 111 nodular goitro patients 13 39 62 


brothers of nodular goitre patients all had simple goitres or goitres not known 
to bo toxic 

(iv) Patients suffering from exophthalmic goitre had more relatives with 
exophtlialmio goitre than did patients with nodular goitres by 17 to 2 

(v) Patients with nodular goitres had more relatives with simple goitres or 
goitres which were not known to be toxic than did patients with exophthal- 
mic goitre by 39 to 16 

(vi) The occurrence of toxic goitre, presumed not to be exophthalmic and 
probably to be secondary thyrotoxicosis, was commoner among the relatives 
of nodular goitre patients than among those of exophthalmic goitre patients 


by 11 to 3 

The trend of this information is to confirm general experience that women 
suffer from goitres of all types more frequently than men, and to suggest that 
patients with exophthalmic goitre tend to have relatives affected by it, 
whereas patients with nodular goitres more often have relatives affeoted by 
simple or nondescript goitres As regards comparison with relatives of non- 
goitrous and non-thyrotoxio individuals, it may be said that a certain number 
of goitres of all types occur by chance throughout the general population 
It is probable that simple goitres, smooth or nodular, would out-number 
exophthalmic or toxic goitres because of their more numerous causes such as 
residence in an area of endemic goitre and the influence of pregnancy or sex- 
nrrinn£r wome n It is therefore significant that the goitrous relatives 
of Patients with exophthalmic goitre should have had exophthalmic goitre 
^ .i ii, oq simple goitre, and this suggests that a familial charac- 

m0re ^r e SbT.»rSe m oases SuSarly, pafents mfl. nodular 
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were not known to be toxic than did those with toxic or exophthalmic goitres, 
but for reasons to be discussed later this cannot be directly attributed to 
hereditary rather than to environmental causes Although no figures are 
available for the incidence of goitre among the relatives of non-goitrous 
persons, it seems improbable that they would approach those of Table I, 
which shows 88 goitrous relatives m the families of 201 goitrous patients 
Study of affected siblings from available family trees Family trees were 
available from 35 patients with exophthalmic goitre and from 50 patients 
with nodular goitre There was a history of goitre among the siblings of 15 
patients with exophthalmic goitre and of 17 patients with nodular goitre 
This represents an incidence of goitre among siblings m 43 per cent of the 
famihes of exophthalmic goitre patients and m 34 per cent of the families 
of nodular goitre patients Nineteen (12 per cent ) of the 160 siblings were 
affected by goitre, namely, 13 sisters (16 per cent of the total of 79 sisters) 
and six brothers (7 per cent of the total of 81 brothers) The types of goitre 
affecting the siblings are shown in Table IV Of the 19 affected siblings, 
therefore, no less than 14 had exophthalmic goitre, two had toxic goitres, 
and all the affeoted brothers had exophthalmic goitre Of the 214 siblings of 
60 patients with nodular goitre, 12 (6 per cent ) were affected by goitre, 
namely, nine sisters (8 per cent of the total of 1 1 1 sisters) and three brothers 
(3 per cent of the total of 103 brothers) 

The types of goitre affecting the siblings are shown in Table VI Of the 
12 affected siblings 10 had goitres which were simple or not known to be 
toxic There was no example of exophthalmic goitre, but two sisters had 
toxic goitres Table Vil shows that sisters of exophthalmic goitre patients 
were affected by exophthalmic goitre or toxic goitre m 10 cases out of 13, 
whereas seven of the nine affected sisters of nodular goitre patients had 
simple or nondesonpt goitres 

Table Vin shows that brothers were uncommonly affected by goitres of 
any kind, but those of exophthalmic goitre patients who were affected invari- 
ably had exophthalmic goitre All the affected brothers of nodular goitre 
patients had simple goitres or goitres not known to be toxic If the affected 
Bibhngs of exophthalmic goitre patients are taken together, 14 out of 19 had 
exophthalmic goitre and two had toxio goitre, while those of nodular goitre 
patients included only two with toxic goitre and none with exophthalmic 
goitre These results confirm the deductions drawn from the crude figures 
of Table I and tend to show that there is a familial tendency for the occur- 
rence of both exophthalmic goitre and for nodular and simple goitre, and 
that these tendencies are distinct A familial tendency m either type of 
goitre is clearly not the rule, for siblings were affected m only 43 per cent 
of the famihes of exophthalmio goitre patients, and in 34 per cent of the 
families of nodular goitre patients Nevertheless, these are considerable inci- 
dences, and m the case of exophthalmic goitre there is evidence to follow that 
a tendency or liability to this disease may exist in apparently unaffected 
relatives 
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Table I 

Crude Totals of Affected Relatives ' 

00 ovophthalmio case s 111 nodular goitro cases 

S G G Total Ex'g T~G iTo G Total 

0—0 — 2256 

3 3 10 1 7 8 11 27 

— — 8 — — 224 

— 0 _ - - _ 0 

— 1 1 — 2 3 16 

— 3 3 — — — 11 

— 1 2 1 — 1 2 4 

Totals 17 3 8 8 30 2 11 17 22 62 

Table II 

Nature of Goitre tn Affected Relatives 

Ex G and T G SO and G Total 
Relatives of 00 Ex Q pationts 20 16 36 

Relatives of 1 1 1 nodular goitro pationts 13 39 62 

brothers of nodular goitre patients all had simple goitres or goitres not known 
to be toxic 

(iv) Patients suffering from exophthalmic goitre had more relatives with 
exophthalmic goitre than did patients with nodular goitres by 17 to 2 

(v) Patients with nodular goitres had more relatives with simple goitres or 
goitres which were not known to be toxio than did patients with exophthal- 
mic goitre by 39 to 16 

(vi) The occurrence of toxic goitre, presumed not to be exophthalmio and 
probably to be secondary thyrotoxicosis, was commoner among the relatives 
of nodular goitre patients than among those of exophthalmic goitre patients 
by 11 to 3 

The trend of this information is to confirm general experience that women 
suffer from goitres of all types more frequently than men, and to suggest that 
patients with exophthalmio goitre tend to have relatives affected by it, 
whereas patients with nodular goitres more often have relatives affected by 
simple or nondesonpt goitres As regards comparison with relatives of non- 
goitrous and non-thyrotoxio individuals, it may be said that a oertain number 
of goitres of all types ocour by chanoe throughout the general population 
It is probable that simple goitres, smooth or nodular, would out-number 
exophthalmic or toxio goitres because of their more numerous causes such as 
residence m an area of endemic goitre and the influence of pregnancy or sex- 
epoohs among women It is therefore significant that the goitrous relatives 
of patients with exophthalmic goitre should have had exophthalmio goitre 
more frequently than simple goitre, and this suggests that a familial charac- 
teristic is present at any rate m some oases Similarly, patients with nodular 
goitre had three times as many relatives with simple goitres or goitres which 
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inheritance of dominant type , this is that m the pedigree record the propor- 
tion of sibs affected exceeds that of the parents Sibs, it should he noted, 
are more likely to be missed through not yet having developed manifest 
symptoms and are not usually exposed to an environment more similar to 
that of the propositus than that of the parents Yet the following tables 5 
show a clear disproportion which is statistically significant m both sexes 


Table IX 
Males 



Affected 

Unaffected 

Total 

Brothers 

6 

75 

81 

Bathers 

0 

90 

90 

Totals 

6 

lei 

m 


Table X 
Females 



Affected 

Unaffected 

Total 

Sisters 

10 

69 

79 

Mothers 

1 

89 

90 

Totals 

U 

158 

169 



Table XI 




Totals 



Affected 

Unaffected 

Total 

Offspring 

16 

144 

160 

Parents 

1 

179 

180 

Totals 

~17 

323 

340 


In these tables the relatives noted as affected are those suffering from 
exophthalmic goitre, with whom have been mcluded three cases of toxic 
goitre not positively known to be exophthalmic These are one mother and 
two sisters Even including these, however, the disproportionate frequency 
of affected sibs, as compared with parents, is clearly shown among the rela- 
tives of both sexes No such contrast is to be observed among the relatives 
of patients suffering from nodular goitre, for example, for these 8 per cent of 
mothers and 8 per cent of sisters suffered from goitres, including all save 
exophthalmic cases m this classification For exophthalmio therefore, though 
not for nodular goitre, there is evidence strongly suggestive of a single reces- 
sive factor favourable to the disease and perhaps necessary for its occurrence, 
but this does not mean that all recessives develop the disease If this were 
so wo should expect approximately one-quarter of the sibs to be affected and 

1 It should bo noted that m theso tables the mothers and fathers of all 90 cases of 
oxophthalmic goitre are included because the information concerning them is considered 
to bo reliable, but for tho sibs, only those in tho 35 families whoso full trees arc known 
arc included The 35 trees were influenced only by availabilitj and not by any solection 
on account of defect There is thus no reason to suppose that tho proportions of affected 
and unaffected sibs would ha\ o been different had all 90 family trees been available 
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Table III 

Siblings of 35 Exophthalmic Goitre Patients 



Hales 

Fomalos 

Total 

In tlio 15 affeotod families 

32 

35 

G7 

In tho 20 unaffoetod families 

4D 

44 

03 

Totals 

IT 

~7!) 

Too 

Table IV 



Types of Goitre in Siblings of Exophthalmic Goitre Patients 

Ex G T G 

S G 

G 

Total 

Sisters 8 2 

3 

— 

13 

Brotliors 0 — 

— 

— 

G 

Totals 14 2 

T 

— 

H) 

Table V 



Siblings of 50 Nodular Goitre Patients 



Males 

Females 

Total 

In the 17 affected families 

31 

41 

72 

In the 33 unaffocted families 

72 

70 

142 

Totals 

103 

ITT 

2U 


Table VI 


Types of Goitre in Siblings of Nodular Goitre Patients 


Ex G 

T G 

S G 

G 

Total 

Sisters — 

2 

2 

5 

0 

Brothers — 

— 

1 

2 

3 

Totals — 

T 

T 

~T 

*12 


Comparison of the Types of Goitres Affecting Siblings of Patients with 
Exophthalmic Goitre and Nodular Goitre 


Table VII 

Ex G T G S G 

/Sisters of exophthalmic goitre patients 8 2 3 

Sisters of nodular goitre patients — _ _ _ 

Totals 8 4 5 


G Total 

_ 13 

_5_ _£ 

6 22 


Table YIII 

Ex G T G s G 

Brothers of exopthalmio goitre patients 6 ~ T 

Brothers of nodular goitre patients 

Totals 6 — 1 


G Total 


6 



Genetical Note by Professor B A Fisher 
‘Although no single-factor explanation can be accepted as a sufficient 
f ‘ even for exophthalmic goitre, one significant feature of the 
explanati of a kind to be expected from recessive inheritance 

“ dleSforpcad either to a pore* e„™— *, opta- » » - 



EXOPHTHALMIC GOITRE AND NODULAR GOITRE 213 

inheritance of dominant type , this is that m the pedigree record the propor- 
tion of sibs affected exceeds that of the parents Sibs, it should be noted, 
are more likely to be missed through not yet having developed manifest 
symptoms and are not usually exposed to an environment more similar to 
that of the propositus than that of the parents Yet the following tables 2 
show a clear disproportion which is statistically significant in both sexes 


Table IX 
Males 



Affected 

Unaffected 

Total 

Brothers 

6 

76 

81 

Fathers 

0 

90 

90 

Totals 

~ 6 

165 

m 



Table X 




F e-males 



Affected 

Unaffected 

Total 

Sisters 

10 

69 

79 

Mothers 

1 

89 

90 

Totals 

Tl 

168 

169 



Table XI 




Totals 



Affeoted 

Unaffected 

Total 

Offspring 

16 

144 

160 

Parents 

1 

179 

180 

Totals 

~17 

323 

340 

In these tables the relatives 

noted as affected 

are those suffering from 

exophthalmio goitre, with whom have been moluded three cases of toxic 
goitre not positively known to be exophthalmic These are one mother and 


two sisters Even including these, however, the disproportionate frequency 
of affected sibs, as compared with parents, is clearly shown among the rela- 
tives of both sexes No such contrast is to be observed among the relatives 
of patients suffering from nodular goitre, for example, for these 8 per cent of 
mothers and 8 per cent of sisters suffered from goitres, including all save 
exophthalmic cases m this classification Eor exophthalmic therefore, though 
not for nodular goitre, there is evidence strongly suggestive of a single reces- 
sive factor favourable to the disease and perhaps necessary for its occurrence, 
but this does not mean that all recessives develop the disease If this were 
so we should expect approximately one-quarter of the sibs to be affected and 

- It should bo noted that in these tables the mothers and fathers of all 00 cnscs of 
exophthalmic goitro are included because the information concerning them is considered 
to bo rolmblo, but for the sibs, only those m tho 35 families whoso full trees are known 
are included Tho 35 trees were influenced only by o\ ailobihty and not bj any selection 
on account of defect There is thus no reason to suppose that tho proportions of affected 
and unaffected sibs would ha\o been different had all 90 family trees been a\ adable 
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the tabular material set out above may bo taken, on this interpretation, to 
imply that among females about half the recessives, and among males about 
one-quarter, develop manifest symptoms ’ 

Tho present study, then, has provided evidence suggesting that the familial 
occurrence of exophthalmic goitre is due to the inheritance of a liability to 
the disease, but there is none favouring heredity m nodular goitre It remains, 
therefore, to discuss the factors accounting for the familial occurrence of 
nodular goitre and to consider the conclusions concerning exophthalmio 
goitre in the light of pre-existing evidence for its hereditary transmission 


Factors in the Familial Occurrences of Nodular Goitre 
The first point for emphasis is that nodular goitres (true adenomata ex- 
cluded) are the outcome of simple goitres which almost universally become 
nodular with tho passage of timo Thus discussion inevitably centres upon 
tho causal factors of the initial simple goitre 

The role of iodine deficiency Simple goitres may be either endemio or 
sporadic, and it seems probable that deficiency of iodine, either absolute or 
relative, is tho basic cause of both, although this cannot be conclusively 
proved for sporadic goitres Surveys in endemic goitre regions have, in 
general, shown that a dietary deficiency of iodine can be successfully corre- 
lated with the occurrence of goitre (McClendon and Hathaway, 1924 , Herons, 
Benson, and Carter, 1925 , Hercus and Roberts, 1927) and that prophylaotio 
administration of iodine to children m endemic goitre areas very greatly 
reduces the incidence of goitre (Marine, 1924 , Hercus, Benson, and Carter, 
1925) On the other hand, Orr (1931), from an iodine survey m areas of 
England and Scotland, could not show such a correlation Nevertheless, he 
acknowledged the excellent results obtained m preventing goitre among 
children living m endemic areas by the administration of potassium iodide 
The undeniably good results of prophylactic treatment carry great conviotion, 
and the Goitre Sub-Committee of the Medical Research Council (1944) 
recently appealed for the addition of potassium iodide to table-salt as 
a national policy for the prevention of endemio goitre It may therefore be 
accepted that an environmental and dietary deficiency of lodme causes 


simple endemic goitre 

Sporadic cases of simple goitre, on the other hand, cannot be explained on 
these grounds, for they occur in areas where iodine deficiency does not exist 
and in persons who are alone affected in a family or community living 
under the same conditions A relative iodine deficiency has therefore been 
Eueeested in these cases, brought about by various agencies whose actions 
are at present unproven Thus the simple goitres whioh not uncommonly 
occur during puberty or pregnancy m women are believed to be caused by 
, f 0 r thyroxine, and so for iodine, which some thyroids cannot meet 

, ^glands thenundergo epithelial hyperplasia followed by permanent colloid 
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change, and a simple goitre results Inleotions are also thought to be capable 
of causing a simple goitre by interfering with the normal absorption or 
utilization of iodine by the thyroid gland Thus the mam causes of simple 
goitre, whether known or suggested, are thought to be due to iodine de- 
ficiency in some form, dependent either upon environmental or individual 
factors 

The role of heredity If a family lives m an endemic goitre area for several 
generations the majority of members may be expected to possess goitres by 



• = simple goitre 

Fro 1 The father (1), who came from non goitrous stock, went to live at an early 
age m a mountainous district of Scotland where the dnnkmg-water came from a run- 
rung bum He developed a simple goitre in early adult life and married twice Both 
wives were non goitrous and came from other parts of the country By the first wife 
bo had two sons and throe daughters of whom the latter (2, 3, 4) developed simple 
goitres By the second wife he had two sons and two daughters of whom one son (6) 
and one daughter (6) developed simple goitres Three affected daughters (2, 3, 4) and 
one affected son (5) all married and left the family neighbourhood and their children 
(now adults) are all free from goitre 

reason of their environment Yet the influence of intermarriage among 
goitrous persons living m an endemic area is also quoted as giving rise to 
the hereditary transmission of goitre or to its predisposition Intermarriage 
undoubtedly occurs frequently un areas of endemic goitre because they tend 
to he remote or mountainous and often difficult of access Joll (1932) 
mentioned this and stated that the existence of a hereditary transmission of 
goitre was favoured by the higher percentage of goitrous children horn m 
ondemic areas to parents who were born goitrous than to those of whom only 
one was affected. He added that, when goitrous parents migrated from 
endemic areas, the children bom subsequently might be free from the disease 
and that the goitrous tendency disappeared in the course of one or two genera- 
tions Brain (1926) also rejected the assumption that environmental faotors 
could alone explain the familial occurrence of simple goitre, because some 
families m endemic areas were disproportionately affected, because members 
bora and brought up m non-endemic areas might also develop goitres, and 
because hereditary goitre was known to occur sporadically m non-endemic 
areas He therefore postulated an inherited predisposition in the form of 
a defective utilization of iodine as an aetiological factor m some cases of 
simple goitre Gardmer-Hill (1934) supported this hypothesis by recording 
a family affected by endemic goitre in which the emigration of several 

[Q-Jaa ien-SerlMXo. so] H 
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fernalo members to non-endemic areas on marriage did not prevent the sub- 
sequent development of goitres in themselves and m two of their children 
who wero horn later Murray and Wilson (1946) have also suggested that 
tho samo inherited defect m iodine utilization may exist m eases of deaf- 
mutism which tend to occur in areas of England where the lodme-oontent 
of the water is low and endemic goitre or cretinism co-exist There is thus 
a certain amount of evidence suggesting tho presence of a hereditary factor 
in the occurrence of simple goitre, but its demonstration beyond doubt would 
bo a formidable task m the presence of such a powerful environmental 
influence as iodine deficiency 

Tho family treo from a patient in the present senes with a non-toxic 
goitre illustrates tho difficulty m attnbutmg a role to heredity as well as to 
iodine deficiency (Fig 1) 

The genetical evidence from the present study does not indicate any in- 
herited trait in nodular goitre, but it does not, by virtue of its limited scope, 
exclude the possibility, and indeed this cannot be ignored The concept of 
an inherited defect of iodine utilization resembles m some respects the long- 
suggested theory of inherited ‘thyroid weakness’ which was invoked to 
explain a variety of thyroid diseases and is discussed below in relation to 
exophthalmic goitre 

Factors m the Familial Occurrence of Exophthalmic Goitre 

Exophthalmic goitre, in contradistinction to simple and nodular goitre, is 
not associated with a dietary deficiency of iodine and does not occur with 
undue frequency in any particular areas A familial occurrence of the 
disease has never been successfully explained by the inheritance of a Mende- 
lian dominant or recessive characteristic for the disease itself, and some 
authorities have fallen back upon the hypothesis of an inherited ‘thyroid 
weakness ’ or ‘ defective thyroid stock ’ This has been described in terms of 
a general defect of the thyroid gland and not as a predisposition to exoph- 
thalmic goitre in particular Thus the sponsors of the hypothesis have been 
at pains to record families in which toxic goitre, simple goitre, nodular 
goitre, myxoedema, or cretinism have oocurred in the same or succeeding 
generations Souques and Lermoyez (1919) postulated ‘une fragility thyroi- 
dienne rendant le corps thyroide plus accessible, plus sensible aux diverses 
infections et intoxications’ while Vallery-Radot (1922) and Rundle (1941), 
who were unable to demonstrate any Mendelian transmission of thyroid 
diseases, behoved m a hereditary thyroid weakness which manifested itself 
by different thyroid disorders Such an indefinite hypothesis as ‘thyroid 
weakness’ only begs the question as to whether exophthalmic goitre itself is 
inherited, and it can be criticized on several grounds Firstly, families con- 
taining members affected by several thyroid disorders are not common and 
the diseases can often be explained by the presence of environmental factors 
which favour the development of simple goitre and its not infrequent sequels 
of nodular goitre and secondary thyrotoxicosis One notable family m the 
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present series included examples of exophthalmic goitre, retrosternal goitre, 
toxic goitre, disseminated sclerosis, myxoedema and pernicious anaemia, and 
bronchiectasis (Fig 2) Such families are certainly not common enough to 
justify any generalizations 

A second major criticism of the ‘thyroid -weakness’ theory is that cases 
of thyrotoxicosis in recorded family trees have not been separated into 
exophthalmic goitre (primary thyrotoxicosis) and secondary thyrotoxicosis 
These two varieties of the disease differ significantly, and by definition, m 

T 

I 

m 

•= goitrous members Mo consanjjuimty of parents 

Fici 2 (1) Died of tone goitre 

(2) Betroatomal goitre removed at operation 

(3) Died of thyrotoxic heart failure 

(4) Died of diBsemmated sclerosis 

(6) Died after thyroidectomy for exophthalmic goitre 

(6) Has myxoedema and pernicious anaemia 

(7) Has bronchiectasis 

that exophthalmic goitre occurs m previously non-goitrous individuals, 
whereas secondary thyrotoxicosis supervenes in persons already possessed of 
a simple goitre which with the passage of time has usually become nodular 
This cardinal difference at once confuses any questions of inheritance when 
both types are taken together, because simple goitre, as has already been 
suggested, can mainly he accounted for by environment or individual factors, 
while no such factors are known to exist in exophthalmic goitre, m whioh, 
however, there is evidence m favour of an inherited liability Thus to include 
both types of goitre and attribute them to heredity, ‘thyroid weakness’, or 
any common cause is to invite erroneous conclusions 

Tho results of the present study have, m fact, gone far to show that there 
is little tendency for the relatives of patients with exophthalmic goitre to be 
affected by simple goitre, and conversely that patients with nodular goitre, 
the outcome of simple goitre, have very few relatives with exophthalmio 
goitre That patients and their affected relatives should thus tend to have 
tho same type of goitre is not only m favour of different causal factors m 
each type, but also is against any general thyroid weakness which should 
manifest itself by a wider variety of thyroid disorders Furthermore, exoph- 
thalmic goitre is no longer to be regarded as a purely thyroid defect, but as 
a syndrome or mosaic of symptoms whose ultimate cause may well reside 
outside the thyroid gland For these reasons, therefore, the hypothesis of 
an inherited thyroid weakness can be rejected as a factor in the production 
of exophthalmic goitre 
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The Inherited Liability to Exophthalmic Goitre 
The present study has confirmed a familial occurrence of exophthalmic 
goitre and the genotical evidence points to the inheritance of a recessive 
characteristic which confers a liability to develop the disease and is, perhaps, 
necessary for its occurrence Consideration of the nature and clinical recog- 
nition of this inherited liability lies beyond the scope of the present paper, 
and indeed the matter is largely conjectural, but a brief suggestion is permis- 
sible It is possible that the inherited liability to exophthalmic goitre may 
bo a pcrsonaht 3 r -type characterized bv a constitutional nervous instability 
affecting particularly the autonomic nervous system This was suggested by 
Warthin (1028) in association with hyperplasia of the thymus and lymphoid 
tissues, while Eason (1927) believed that it occurred m persons of particular 
bodily builds, but general experience does not bear out the occurrence of 
exophthalmic goitro in persons with any particular anatomical constants 
Moschcowitz (1930) stressed an inherited constitutional nervous instability in 
persons suffering from exophthalmic goitro, although he gave no genetical 
details He believed that it might remain latent so that all those members 
of a family who possessed it need not necessarily develop exophthalmic 
goitre, although they might have various nervous manifestations With 
some other additional exciting factor, however, such ns psychic trauma, 
infection, or sex-epoch, florid exophthalmic goitre could develop More 
recently Moschcowitz and Bernstein (1944) have identified this constitutional 
nervous instability with neurooiroulatory asthenia, but this cannot be un- 
reservedly accopted However, the recessive characteristic detected in the 
present study, which confers a liability to exophthalmic goitre, might be the 
same as that suggested by Moschcowitz and the possibility merits further 
investigation Hnlhday (1943) has recently drawn attention to the psycho- 
somatic affections, of which exophthalmic goitre is one, and future studies 
of the disease must include a more extended inquiry into the underlying 
personality and constitution of those affected by it 


Summary 

1 The familial or hereditary occurrence of goitre has been investigated m 
90 cases of exophthalmic goitre and 111 cases of nodular goitre 

2 The goitrous relatives of patients with exophthalmic goitre were pre- 


dominantly affected by exophthalmic goitre 

3 The goitrous relatives of patients with nodular goitre were almost 
exclusively affected by simple or nondescript goitre 

4 Genetical evidence strongly suggests the inheritance of a recessive factor 


favourable to the occurrence of exophthalmic goitre 

5 There is no evidence from this study of an inherited trait in nodular 

goitre, but the possibility of it cannot be ignored 

a Tt is gueeested that the inherited recessive faotor m exophthalmic goitre 
Jy prove to he a personality-type or a constitutional nervous instability 
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The wort for this paper was largely earned out during the tenure of the 
Leverhuhne Research Scholarship of the Royal College of Physicians It is 
a pleasure to thank the honorary medical and snrgioal staffs of Adden- 
brooke’e Hospital, Cambridge, for free access to cases under their care 
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ADDENDUM 

An important monograph entitled Heredity \n Graves' Disease (E Bartels, 
Copenhagen, 1941) recently became available, but could not be commented 
upon m tbe text of oar paper The author’s material comprised 197 cases of 
Graves’s disease and ‘ toxic adenoma ’ of the thyroid (tone nodular goitre) 
from Copenhagen Consanguineous marriage in parents was recorded once 
In 69 cases only was the diagnosis definitely Graves’s disease, and a family 
history of goitre was noted in 42 per cent of these Bartels deteoted a re- 
cessive characteristic for inheritance of Graves’s disease which was partially 
sex-limited to women with a manifestation m them of 70 to 80 per cent In 
respect of Graves’s disease, therefore, the results of our study corroborate 
Bartels’s findings We feel, however, that the evidence for recessive inheri- 
tance has been obscured by the inclusion of a large number of nodular goitre 
patients both among the relatives and tbe propositi It is of interest to note 
that tbe occurrence of Graves’s disease and goitre among the female popula- 
tion of Copenhagen was estimated at 0 4 and 1 1 per cent respectively. 
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THIRTY-NINTH ANNUAL GENERAL MEETING 

The Thirty-ninth Annual General Meeting was held m London on Friday 
and Saturday, 13 and 14 April 1945, at the London School of Hygiene and Tropical 
Medicine The attendance book was signed by 112 members and 24 visitors The 
proceedings began at 10 5 a m 

The President, Major General Sir Henry Tidy, was m the Chair 

The Minutes of the last Annual General Meeting, having been published in the 
Quarterly Journal of Medicine, were taken as read and confirmed 

The Deaths of the following Honorary Members were reported by the President with 
regret Sir Arthur Hurst, who had been nominated for the Presidency m 1944, but 
had not held Office, as the Annual General Meeting had been cancelled , Professor J 
Lewellys Barker, Dr Judson Bury, and Lord Dawson of Penn, also of Dr Uvedale 
Owen, the first member of the Association to die on service in the present war 

The Annual Accounts were presented by the Treasurer, who pointed out that the 
Association has about £1,000 capital, mainly because the expenses of Meetings have 
been less as a result of cancellation The Treasurer explained the relationship between 
the Association and the Quarterly Journal of Medicine, and referred to the recent 
cnticisni8 of the Journal and the discussions between the Executive Committee and the 
Editors The Treasurer hoped that it would not be found necessary to raise the 
Subscription of the Association The meeting approved the adoption of the Annual 
Accounts 

Quarterly Journal of Medicine Sir Francis Fraser welcomed the comments of the 
Treasurer He gave reasons for the exiguouaness of the Journal during the war, and 
stressed the amount of work which the Editors have to do in the preparation of papers 
He appealed to Members to encourage and assist their younger colleagues m the 
preparation of papers for the Journal The President expressed the thanks of the 
Association to the Editors, and felt sure that with the help of the Members, and 
improvements m circumstances, misgivings about the Journal would disappear 

Admission of Women to Membership of the Association The Secretary proposed and 
Dr A V Neale seconded, that m Buie 2 the word ‘men ’ should be taken to imply also 
‘women’ This was approved 

Number of Extra-Ordinary Members It was agreed that next year the Executive 
Committeo should be allowed discretion to increase the number of nominations to the 
Extra Ordinary Membership, in view of the possible need for an increase m the number 
of places for ordinary Membership for men returning from the Services 

Election of Officers Dr Gordon M Holmes was elected President On taking the 
Chair, ho expressed his appreciation of the honour, nnd the thanks of the Association 
to Sir Henry Tidj for his outstanding services to the Association 


Election of Executive Committee 
President Dr Gordon M Holmes 
Treasurer Professor L J Witts 

Secretary Dr C E Newman 
IQ J M New Series No. WJ 
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Members for England 

Sir Adolpho Abrahams 
Dr T Izod Bonnott 
Dr R C Clarko 
Dr L B Colo 
Professor J C Sponoe 
Dr C P Symonds 

Members for Scotland 

Dr J Craig 
Professor G B Fleming 
Dr A Rao Gdohnst 

Members for Ireland 

Dr R S Allison 
Dr G C Dookoray 
Dr P T O’Farroll 


Election of Extra-Ordinary Members 
Dr J Murray Bbgh 
Dr T F Cotton 
Professor G B Fleming 
Dr Donald Hall 
Dr A Fergus Hewat 
Professor A M Kennedy 
Dr A. R Parsons. 

Professor K D Wilkinson 

Election of New Members 

Cyril Georgo Barnes, M D , F R C P , Assistant Director of the Medical Unit, St Mary’s 
Hospital 

Donald Marcus Fioldmg Batty, M B , F R C P (Ed.), Lato Lecturer m Therapeutics, 
Edinburgh Univoreity 

Lesho John Davis, M D , F.R C P (Ed ), Senior Lecturer, Department of Mediome, 
Edinburgh University 

Findlay James Ford, M.D , F R F P S , Senior Assistant to Professor of Pediatrics, 
Glasgow University 

Percy Elba Thompson Hancock, MB, FRCP, Assistant Physiomn, Royal Free 
Hospital 

Evan Jones, M D , F R C P , Assistant Physician, St Thomas’s Hospital 

Lawrence David Wellwood Scott, M D , M R C P , Assistant to the Regius Professor 
of Medicine, Glasgow 

William Carey Smallwood, M B , M R CJP , Assistant Physician, Birmingham United 
Hospital 

Alan Thompson, M D , F R C P (I }, Honorary Physician, Richmond Hospital, Dublin. 

Richard Robertson Trail, M B , F.R C P , Physician, Royal Chest Hospital 


SCIENTIFIC BUSINESS 
Friday Mommy 

Da Sheila. P V Sherlock (introduced by Dr J MoMi chase) spoke on Jaundice 
in Heart Failure A case of jaundice developing during the course of congestive heart 
failure was described Two aspiration liver biopsies showed a progressive oentn-lobular 
or cardiac cirrhosis, and also evidence of stasis of bile m the liver lobules These find- 
ings were confirmed by autopsy The pressure m the right aunole was 36 cm of water 
It was calculated that the venous pressure easting in the hepatio sinusoids was greater 
than that at which bile can escape from the liver The external pressure against the 
liver cell col umn thus produced a mechanical blockage of the bile canohcuh 

Rear- Admiral J W MoNee, Dbs East, William 
dnson, Dr Sherlock said that jaundice, with 
se, was common in congestive heart foilure 


In replv to comments by Surgeon 
Evans, and Professor R. D Wk 
manifestations of an obstructive cau 
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wore needed Aoldorhj drio patients may produce acid at times, so that a test meal is 
not a sure guide The threshold for painful stimulation by aoid seems to vary from 
patient to pationt Sodium hydro-ado causes pam if sufficient is given, and this suggests 
that pam has a obcmicnl basis Thoro is no diroct ovidence that ponstalsis or tension 
caused pnin , it is truo that vigorous contractions produce hunger pam, but tins is 
different from tho pam of an ulcer 

Tho Meeting adjourned to Luncheon at tho Holbom Rostaurant 


Friday Afternoon 

Db H Cookson communicated somo Observations on Thxovracil m Goitre The action 
of tlnourncil in 52 pationts with goitre was studied over a period of 18 months, the 
primary purposo being to dotormmo its effects on tho toxic symptoms of goitre In 26 
cases with unquestionably raised metabolism tho drug reducod this to normal and 
rol loved symptoms In 10 cases with mild or doubtful toxicity the effects were not so 
clear cut, and thoro were somo apparent failures In 10 cases of doubtful toxicity there 
was no offect on tho metabolic rate Symptoms of hypothyroidism oould not be 
produced Observations on blood cholesterol and auricular fibrillation were reported 
No sorious toxic reaction to tho drug had occurred Tho place of thiouracil ns on alter- 
nate o and ns a supplement to thyroidectomy m tho treatment of toxic goitre was 
discussed 


Dr. Jenneb Hoskin upheld thyroidectomy Db Nattbabs, on the other hand, 
favoured thiouracil Dn S L Simtson agreed with Db Hoskin that surgery still had 
a plnco in treatment, but thought thiouracil a good possible alternative to surgery or 
radiothornpy Db Lesoiieb and Db Morlock spoke of their experience, and 
Dn L D W Scott said that in some cases tho drug hnd no effect on the histological 
nppoaranccs of tho thyroid Professor Davidson said that after six months on 
a mamtnmnnco dose of 0 1 gm dady, or on nltomato days, it seemed that even after 
stopping tho drug tho pationts do not relapso Pbofessob Wilkinson thought that 
suigory offered a quick and certain result, and os there hnd been no trouble with the 
last 100 of his thyroidectomies ho wondered whether Burgery was not the better treat- 
ment Db Cookson, replying, hold that thiouracil, although still m the experimental 
stage, was o groat advance in therapeutics, though it might never displace surgery 
complotoly There is httfo need to be worried by the possibdity of toxic effects 


Db A Hunter (introduced by Dr J Parkinson) discussed Cardiac Enlargement in 
Chronic Anaemia Cardiac size had been studied by the supenmpo3ition of comparable 
teloradiogromB taken at various stages of treatment in 33 mixed cases of anaemia of 
modorate or considerable severity Enlargement was present m 14, doubtful m six, 
and absent in 16 Cardiac Bizo decreased after treatment mil cases, becoming normal 
in eight Enlargement was unaffected by treatment in two cases No correlation could 
be established between the presence of enlargement and age, or of type or seventy of 
the anaemia, though duration might have been important The cardiac enlargement 
diminished with tho improiement of the blood occurring early m treatment, even 
though there was still anaemia Further improvement in the blood was seldom accom- 
panied by further cardiac diminution The enlargement was therefore thought to be 
caused by ciroulatory disorder, rather than by unpaired myocardial nutntion 


Db E P Sharped Schafer communicated his findings in regard to Transfusion and 
the Anaemic Heart In severe anaemia the blood-volume is reduced, and the right 
auricular pressure, cardiao output, and percentage utilization of available arterial oxygon 
aro increased Transfusion raises the right aurioular pressure, and m normal subjects 
increases cardiac output, but m severe anaemia, cardiao output may fall Acute 
milmonarv oedema follows m some cases, and the blood-pressure may rise He suggested 
iknt this falling cardiac output is similar to Starling’s overloaded heart-lung prepara- 
Sn where leased veno£ filling pressure results in a fading cardiao output The 
of transfusion in severe anaemia is long term benefit from increased arterial 
° bj ,ren content while venous filling pressure is raised as little as possible Hence the 
0Xy vf rIow concentrated transfusion Among other suggestions, he included the use 
oTthe propped up ‘cardiac’ position, and clinical observations of the venous pressure 

omrminications were discussed by Dbs Morgan, J ones, and Langley, 
JSo,' wSSTSh>»“. HclIlOHAEL, C WWOK. Tta*. 
and W iiiTiiAH Evans 
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entirely dissoemted from thnt of tho first lymphatic deposit It is probable that 
primary infection at any ago produces many pm point lymphatic foci, with or without 
a larger nodo recogmzablo by X-rays or post-mortem examination The fleeting areas 
of loss of transluconcy in primary adolescent disooso represent lymphangitis round 
thoso foci Findings by Mass Radiography over tho past four years m thoRoynl Air 
Force suggost tho following empirical thoories (1) That adult phthisis may be the 
third of throe plinsos of tuborculosis m man, all throe following the initial infection, 
and onch commencing ns lymphangitis Tho first appears round the initial foci, the 
socond round tho posterior apical bronchus, and tho third round one of the remaining 
posterior bronchi of tho upper or lowor lobo (2) There may be two types of adult 
phthisis, tlio first n roawakonmg of an apparently calcified primary childhood infection, 
tho second a continuing primary infection contracted in later life (3) That primary 
infection after childhood, which lends to lung lesions, is not necessarily a dangerous 
process It is proboblo that in a majority of two to one it goes rapidly and without 
clinical illness to a quiescent tertiary stago, showing marked tendency to natural 
healing 

Dr F RiDEHAEon said thnt, known contact being absent, 7 5 percent of Londoners, 
aged 16 to 30 years, arc tuborcuhn-negativo Nurses entering London training schools 
at tho ago of 17 years show 20 per cent , at 30 or more 0 per cent of negative 
ronctors, whether thoy como from urban or rural on\ ironments Nurses from rural 
Ireland or Wales show 34 por cent of negative reactors at ages 16 to 30 years (Prophit 
survey) Radnorshire school children at the age of 16 years show 84 per cent of 
negative reactors to tho tuberculin patch test (Jones Danes) Exposure of negative 
ronctors to opon cases of tuborculosis will produce 78 per cent, of primary infection 
withm a j car, 05 por cent within three years Primary infection of nurses in general 
hospitals leads to pulmonary tuborculosis at the rate of 20 cases per 1,000 per annum 
Nurse3 initially tuberculin positno develop only 7 6 cases per 1,000 per annum The 
types of lesions are tho same m both groups, thus primary infection in young adults 
carries a definite risk, but einco, oven so, the majority of nurses acquiring primary 
infection escape disease, it seems that factors of resistance exist which are not yet 
dofined These may bo inherent m the reticulo-endothelinl system Migration from 
rural to urban areas may moroaso the tuborculosis morbidity as a result of primary 
infection No evidence of a special raoial liability was found m the Prophit survey 
There is an urgent need for a largo scale trial of methods of immunization of Mantoux- 
nogativo persons exposed to infection 


Dr. Izod Bennett said that in a senes of 36 coses of erythema nodosum m young 
■women between the ages of 17 and 24 years, tubercle baoilli had been recovered by 
gastric lavage m 20 None of these 26 had any symptoms of lung disease, but lesions 
■were doroonstroted by radiograph} m 14 Of the nine coses in which tubercle baoilh 
were not found, five had radiological lesions In all but two cases the course was 
benign, one of tho 14 with both bacteriological and radiological evidence developed 
a ploural effusion, and one of those negative both baotenologically and radiologioally 
developed first an effusion and later Pott’s disease 

Dr R E Smith had seen six or seven cases of tuberculosis m 600 boys at Rugby 
between 1931 and 1946 He had found that erythema nodosum was the most oommon 
manifestation of primary tuberculosis In only one case had he found a pulmonary 
lesion He thought that nutrition was the most important means of prevention 


Dr. Margaret Macphebson said that there are differences between primary tuber- 
culosis in children and in adolescents or adults It is more common m children, and 
unoccompamed, as a rule, by clinical evidence In young adults, on the other hand, 
there seems to be a higher rate of clinical abnormality The primary complex m 
children especially m infants, tends to show a greater reaction m the hilar glands than 
the line parenchyma, and it is the hilar adenitis which tendB to produce clinical 
manifestations, by pressure or erosion By comparison, the glandular enlargement* in 
mjults are less spectaoular, and the primary lesion m the lung may rapidly lead 
L 0 rnd,oSca! chr^ typical tuberous infiltration Slides and X-ray film were 
shown to illustrate these points 

^ waB suspended while three distinguished Frenoh visitors, Professor 

Lemaihe^DR RAVTKA^md Dr. Armani? Delisle were admitted and welcomed y o 

President 
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Air Commodore Trail at this point demonstrated some films showing lymphangitio 
spread of tuberculosis 

Dr Whittle wondered what the relation was between haematogenous infection and 
the development of imm unity and infections appearmg later, and instanced the case of 
a child operated on for a henna, in the sac of which tuberculous pentomtis was found 

Sm Adolphe Ab raha ms referred to the rarity of tuberculosis m athletes 

Professor Witts asked what one should do in practice A nurse or a student is found 
to have a suspicious radiological appearance, or is suspected to have tuberculosis after 
an influenza-like illness Ought one to conduct an exhaustive search for tubercle 
bacilli! Otherwise how is one to know whether the disease is tuberculous ? He suggested 
that a discussion such as this should help m making practical decisions 

Professor J C Spence pointed out that infection in childhood may be dangerous 
It is true that between the ages of 2 and 6 years primary tuberculosis is relatively 
benign, but it is very dangerous in the first six months of life, and in adolescence, 
between the ages of 12 and 16 years He suggested that m praotice it is wise to remove 
the patient from further contact, but that to put the patient to bed is unphysiological, 
and asked what other members advised 

Professor Witts pointed out that to remove a student from further contact meant 
shattering his career 

Professor Spence said that he meant, rather, removing the patient from contact 
with one single person who was the source of danger 

Sir Edmund Spriggs suggested the possibility of really drastic measures We had 
eliminated leprosy by isolation, ought not the profession to lift its voice and do something 
to stop open cases of tuberculosis from spreading the disease! We make a cliff safe by 
putting a fence on the top, not by providing an ambulance at the bottom Wo ought 
to see to it that the House of Commons understands the prevalence of open tuber- 
culosis m men and in cattle In the United States less than one half per cent of the 
cattle are tuberculous, all tuberculous reactors among cattle are killed, and farmers 
are put m gaol for attempting to sell them 

Dr Monobeeft asked whether Sir Edmund Spriggs would segregate a young adult 
without symptoms, m whose gastric contents tuberole bacilli had been found 

Professor Davidson remarked that there are three general practitioners m Edinburgh 
gomg about their business with open tuberculosis 

Dr Livingstone pointed out that primary tuberculosis in students and nurses does 
progress directly to the adult type of disease He suggested that each case should be 
treated on its merits, that the recently Mantoux-positive should have two or three 
months’ convalescence, and should then be allowed to go on with liis work under close 
observation The period of danger was the 16 to 24 months after primary infection 
He observed that in 1,000 cases investigated erythema nodosum had been found to bo 
a very rare manifestation 

Dr Armand Delisle said that BCG confers at any rate a partial immunity, 
though infection is still possible from continued contact Scarification is the most 
effective method Every child, he thought, should be immunized with BCG 

Dr Moncrieff asked some practical questions Is the three months' convalescence 
recommended to be at the publio expense! Is the case to be notified, and is it to bo 
treated m a sanatorium or sent to a convalescent home! 

Dr Izod Bennett confessed that he for one was mystified as to what was t-o bo 
done with cases sent to sanatoria by administrative officials 

Db Morloce suggested that if all contact with tuberculosis were eliminated, the 
population would becamo completely suscoptiblo, and when a caso was introduced from 
abroad, wo would be m a state resembling that of tho South Sea Islands on tho 
introduction of a completely now disease 

Sir Edmund Spriggs doubted thd soundness of tho South Sea analog}, bocauso tho 
abscnco of tuberculosis among cattlo in tho United States seemed to falsify it Ho 
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said that tho London County Council was classifying its sanatoria according to the 
different stages of tuberculosis 

Dr Gforoe Graham felt that sanatoria must bo classified, and convalescent cases 
sent to tho appropriate ones 

Am Commodore Trail, replying, remarked that ho had seen five oases of tuber 
oulosis in Rugby Internationals ra ono year Now methods of culture are finding 
increasingly more positivo sputa In England a case of open tuberculosis can refuse 
to bo treated, in Canada such a person would bo sent to priBon In time we shall 
adopt drastic stops in dealing with tins problem A patient with tuberculosis, it must 
bo remembered, does not nccessnnly go about infecting othor people In 21 years’ 
cxporionco children at Papworth havo not become mfectod Proventona ore wanted 
ns well ns sanatoria, and ‘intimation registers’ ns well os tuberoulosis registers 
Finally, it must not bo forgotten that patients from X-ray units too often end up m tho 
hands of tho psj chintnst. 
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